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FOREWORD 


This  report  was  prepared  by  the  Armour  Research  Foundation  on 
Contract  Number  AF33(Q38) -3793,  Research  and  Development  Order  Number 
601-301 , "Aircraft  Fuels  and  Lubricating  Oils".  Work  was  initiated 
in  October,  I95O  ,and  was  administered  under  the  direction  of  the 
Petroleum  Products  Branch  of  the  Materials  Laboratory,  Directorate  of 
Research,  Wright  Air  Development  Center,  with  Mr.  R.  W.  Altman  acting 
as  Project  Engineer.  In  June,  1991.  Mrs.  E.  J.  Bartholomew  assumed 
the  duties  of  Project  Engineer.  Mr.  J.  W.  Briscoe  of  the  Instrument 
and  Navigation  Branch,  Equipment  Laboratory,  Directorate  of  Labora- 
tories, Wright  Air  Development  Center,  also  worked  closely  with  this 
project. 

Personnel  of  the  Armour  Research  Foundation  who  participated  in 
this  project  are  Harvey  J.  Finison,  Chairman,  Electrical  Engineering 
Research,  Raymond  E.  Zenner,  Asst.  Chairman,  Clifford  C.  Petersen, 
Supervisor,  Professor  L.  W.  Matsch,  Joseph  L.  Radnlk,  Paul  E.  Bowers, 
and  George  Slad  of  the  Electrical  Engineering  Department;  Maurice  Kayner, 
Research  Analytical  Chemist,  Ralph  Hinch  Jr.,  Donald  Laskowski,  Donald 
0.  Landon,  and  Use  M.  Wolfson  of  the  Chemistry  and  Chemical  Engineering 
Department . 
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ABSTRACT 


To  assist  in  evaluating  the  capacitance  type  fuel  quantity  gagja 
for  aircraft,  a study  was  made  of  various  fuel  specimens  by  the  Armour 
Research  Foundation,  Chicago,  Illinois,  during  the  period  October  1950 
to  October  1951. 

Measurements  of  dielectric  constant,  dissipation  factor,  and 
density  were  made  on  220  samples  of  aviation  fuels  of  grades  91/92, 
100/130,  115/1^5 » JP-1*  and.  JP-4  and  certain  experimental  and 

foreign  fuels  received  from  various  suppliers. 

This  report  summarizes  this  work  as  well  as  other  investigations 
such  as  effect  of  evaporation,  and  effect  of  moisture  content. 

The  capacity  index,  a criterion  of  gage  response  to  a given  mass 
of  fuel,  determined  at  the  reference  condition  of  32°F  and  400  cps,  was 
found  to  vary  as  much  as  4 or  5$  among  the  specimens  of  any  of  the 
grades  91/92*  115/1^5*  and  JP-1,  and  as  much  as  5*6$  in  grades  100/130 
and  JP-3. 

The  change  in  mean  values  of  capacity  index  due  to  evaporation 
of  10$  by  volume  was  under  .3$  for  all  grades  of  aviation  fuel. 

PUBLICATION  EEVI3W 

Manuscript  Copy  of  this  report  has  been  reviewed  and  found 
satisfactory  for  publication. 
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INTBODUCTION 


The  capacitance-type  fuel  quantity  gage  for  aircraft  is  comprised 
essentially  of  a capacitor  of  concentric  cylindrical  plates  standing 
vertically  in  the  fuel  tank.  This  arrangement  has  a certain  value  of 
capacitance  when  the  medium  between  the  plates  is  air.  As  fuel  is  added 
to  the  tank  and  the  level  rises  and  displaces  the  air,  the  value  of 
capacitance  increases  until,  when  full,  the  capacitance  is  about  twice 
the  value  measured  while  empty.  The  factor  two  is  approximately  the 
dielectric  constant  of  aviation  fuels. 

In  addition  to  simplifying  the  sensing  element  by  eliminating 
moving  parts,  such  as  floats  which  are  part  of  the  old  type  gages,  the 
capacitance-type  gage  partially  compensates  for  volume  changes  of  the 
fuel  which  result  from  temperature  changes.  The  volumetric  expansion  of 
gasoline  due  to  an  increase  in  temperature  is  accompanied  by  a decrease 
in  dielectric  constant  tending  partially  to  maintain  a constant  value  of 
capacitance  for  a given  mass  of  fuel,  regardless  of  temperature  changes. 
Further  compensation  which  also  corrects  for  differences  between  fuels 
is  usually  achieved  in  a simple  manner  by  built  in  compensators.  Since 
the  energy  available  in  a quantity  of  fuel  is  dependent  on  the  mass 
rather  than  the  volume  of  the  fuel,  the  advantage  of  this  type  gage  is  self 
evident. 

To  utilize  the  capacitance-type  fuel  quantity  gage  it  is  necessary 
to  know  the  value  of  dielectric  constant  for  all  fuels  used.  The  purpose 
of  this  investigation  has  been  to  determine  the  dielectric  constant  of 
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various  fuel  specimens  obtained  from  various  sources  throughout  the  United 
States  along  with  a few  fuels  from  foreign  sources,  and  to  investigate  the 
behavior  of  this  electrical  characteristic  under  the  influence  of  changing 
temperature,  and  after  ten  per  cent  by  volume  has  been  evaporated.  Density 
measurements  of  these  specimens  were  also  needed  for  the  purpose  of 
correlation  with  the  dielectric  measurements.  Dissipation  factor  measurements 
were  obtained  to  determine  the  presence  of  conductive  constituents.  A special 
investigation  was  also  made  to  determine  the  effect  of  moisture. 

In  addition,  work  was  carried  out  with  a study  group  composed  of 
representatives  of  interested  users  and  suppliers  of  aircraft  fuels  and  fuel 
gages  and  a standard  test  method  was  developed  and  proposed. 

The  investigations  reported  here  were  carried  out  over  a period  of 
one  year.  Measurements  were  made  on  a total  of  220  specimens  of  the 
following  types: 

Grade  91/98  -55  specimens 

Grade  100/l30  - 51  specimens 

Grade  115/145  - 44  specimens 

Grade  JP-1  - 24  specimens 

Grade  JP-3  - 35  specimens 

Grade  JP-4  - 6 specimens 

Experimental  - 5 specimens. 

SECTION  I 

APPARATUS  AMD  EQUIPMENT 
A.  Electrical  Measuring  Equipment 

1.  Cell 

A Balsbaugh  type  3TN  25  three  terminal  liquid  dielectric  measuring 
cell  was  used  in  the  dielectric  measurements.  It  is  a guarded  cell  made  of 
glass  and  nickel,  has  an  empty  capacitance  of  about  25  micro-microfarads,  and 
holds  about  85  cc  of  liquid.  Being  small  in  mass,  it  is  well  sin. ted 
for  applications  where  temperature  is  to  be  changed  often.  This 
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cell  used  with  the  present  bridge  circuit  yields  measurements  of  dielectric 
constant  which  are  accurate  to  within  +1.0  per  cent.  Sufficient  sensitivity 
is  available  to  distinguish  between  values  of  dielectric  constant  which 
differ  by  0.2  per  cent.  Figure  1 shows  the  Balsbaugh  cell  disassembled. 

2.  Bridge  Circuit 

The  General  Radio  Type  716c  Capacitance  Bridge,  used  in  conjunction 
with  a Wagner  ground  coupling  circuit  to  balance  the  guard  circuit  to  ground 
potential.was  selected  for  these  measurements.  This  bridge  is  usable  up  to 
300  KC  with  an  accuracy  of  + 0.2  micro-microfarads  in  capacitance  and 
+ 0.0002  or  + 2 per  cent,  whichever  is  greater,  in  dissipation  factor.  A 
General  Radio  Type  722D  Precision  Condenser  was  used  as  a balancing  capacitor 
in  the  bridge  circuit.  Figure  2 shows  the  circuit  and  Figure  3 is  a 
photograph  of  the  entire  bridge  circuit. 

Equations  applicable  to  the  716c  Capacitance  Bridge,  when  used  in 
the  substitution  method,  and  when  the  dissipation  factor  of  the  specimen  is 
less  than  0.1  ares 

Capacitance:  Cx  “ AC 

Dissipation  Factor:  Dx  ■ (C'/AC) 

where 

AC  » C’-C  f * oscillator  frequency 

AD  * D-D*  f0=*  frequency  step  set  on  bridge. 

Initial  readings  with  the  unknown  out  of  the  circuit  are  indicated  by 

primes,  and  A stands  for  "change  in."  D and  D'  include  the  0.01  multiplier 

which  should  be  applied  to  the  scale  readings. 

With  this  type  of  bridge  circuit,  the  generator  and  detector 

connections  to  the  bridge  should  be  interchanged  at  the  higher  frequencies 
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to  obtain  better  sensitivity. 

3.  Oscillator 

A Hewlett-Packard  Model  200C  oscillator  having  a frequency  range 
of  20  cycles  to  200  KC  was  used  as  the  source.  The  oscillator  gives  a 
voltage  of  about  six  volts  across  the  measuring  cell  at  frequencies  up  to 
twenty  kilocycles.  At  higher  frequencies  the  voltage  decreases  to  about 
one  volt, 

U.  Null  Detector 

As  a null  detector  a General  Electric  Type  CR0-3A  Cathode  Ray 
Oscilloscope,  with  a sensitivity  of  0.30  volt  per  inch,  was  used  in 
conjunction  with  an  amplifier  having  a gain  of  100. 

5.  Shielding 

Guard  shields  were  used  as  shown  in  Figure  2 ; in  addition, 
grounded  exterior  shields  were  used  to  eliminate  60  cycle  pickup.  The 
lining  of  the  temperature  chamber  was  also  grounded. 

B.  Temperature  Equipment 
1.  Chamber 

An  American  Instrument  Company,  sub-zero,  constant  temperature  test 
cabinet,  using  dry  ice  and  providing  control  accurate  within  + 0.5°F,was  used 
to  obtain  the  required  temperatures.  Thermostatic  equipment  operates  a 
blower  which  forces  the  cold  carbon  dioxide  atmosphere  of  the  dry  ice 
chamber  into  the  test  chamber.  Close  control  of  temperature  is  achieved 
by  heating  coils  which  operate  alternately  with  the  cold  blower.  Chamber 
temperatures  from  -100  to  +220 °F  can  be  maintained. 
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The  measuring  cells  were  suspended  in  an  air  bath  within  the  test 
chamber,  as  shown  in  Figure  U.  The  air  bath  was  constantly  circulated  by 
an  auxiliary  blower. 

2.  Temperature  Measuring  Equipment 

The  temperature  was  measured  by  means  of  a glass  stem  thermometer 
placed  near  the  measuring  cells  and  readable  through  the  chamber  window. 

The  chamber  was  held  at  the  desired  temperature  for  30  minutes  before 
making  electrical  measurements. 

The  accuracy  of  these  temperature  measurements  is  considered 
adequate  in  view  of  the  small  changes  of  dielectric  constant  caused  fcy 
temperature  change.  An  inaccuracy  of  3°F  will  cause  a small  change  in  the 
dielectric  constant  about  equal  to  the  sensitivity  of  the  measuring  circuit. 

C.  Experimental  Cell 

While  the  Balsbaugh  cell  gave  adequate  results  for  this 
investigation,  and  appeared  to  be  the  best  of  existing  cell  designs,  it  was 
necessary  to  design  a new  cell  for  special  investigation,, such  as  moisture 
content  where  very  small  changes  in  dielectric  constant  were  measured, for 
the  following  reasons: 

The  measurement  of  dielectric  constant  and  dissipation  factor  of 
aviation  fuels  over  a temperature  range  of  -65  °F  to  13U°F  imposes  a special 
problem  in  that  existing  cells  do  not  provide  a closed  system  for  sealing 
in  the  vapors  and  for  sealing  out  condensation.  Further  characteristics 
objectionable  in  existing  cells  are  lack  of  provision  for  filling  without 
disturbing  the  electrodes,  too  small  a capacitance,  and  difficulty  in 
cleaning  if  the  cell  should  become  contaminated. 
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The  revised  experimental  cell,  as  is  shown  in  Figure  5,  is 
constructed  essentially  of  a standard  taper  ground  joint  of  Pyrex,  two 
lengths  of  Pyrex  tubing,  and  two  lengths  of  Nickel  tubing.  Contacts  are 
carried  through  the  glass  by  means  of  platinum  wire  sealed  in  the  Pyrex 
and  formed  into  a contact  bead.  The  Nickel  tubes  slip  over  these  beads 
by  means  of  grooves  in  their  inner  surfaces,  and  are  placed,  after  slight 
rotation, so  that  they  wedge  tightly  over  the  contact  beads.  Small  wedge 
shaped  grooves  in  the  cylinders  insure  good  contact  and  fix  their 
positions.  All  parts  can  be  removed  for  thorough  cleaning. 

The  cell  was  further  equipped  with  a reservoir  and  filling  and 
draining  cocks  to  permit  filling  without  disturbing  the  electrodes  and 
to  facilitate  testdng  of  successive  samples,  in  which  case  the  cell  is 
flushed  with  an  excess  portion  of  the  sample  to  be  tested. 

This  type  of  construction  results  in  a high  capacitance,  low 
liquid  volume  cell  which  presents  a large  external  surface  area  to  the 
temperature  bath  in  which  the  cell  is  placed.  Because  of  its  higher 
capacitance,  this  cell  increases  the  accuracy  of  the  capacitance 
measurements  and  also  increases  the  sensitivity  of  the  dissipation 
factor  measurements. 

The  revised  cell  has  the  following  characteristics* 


Overall  Height  in  Stand  18  7/8" 

Projected  Floor  Space  8"  x 10" 

I.D.  of  Outer  Electrode  3-3/6U" 

O.D.  of  Inner  and  Guard  Electrodes  2-15/16" 
Average  Gap  .070" 

Length  of  Electrodes,  Outer  6-3/U" 

Inner  5" 

Guards  1" 

Wall  Thickness  of  Electrodes  .030" 

Capacitance,  Empty  I50mmf 

Liquid  Capacity  175ml 
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Oscillator  Hewlett-Packard  Model  200C 

Amplifier  Ballantine  Model  220 

Cathode  Ray  Oscilloscope  — General  Electric,  Type  CR0-3A 
Cp  General  Radio  Type  722D  Precision  Condenser 

with  worm  correction 

Rs  and  Rb General  Radio  Type  602  Decade  Resistance  Boxes 

C3  and  Ct  General  Radio  Type  722D  Precision  Condensers 

Ra>  Ca,  Cb,  and  Cn  General  Radio  Type  716c  Capacitance  Bridge 


FIG.  2 - BRIDGE  CIRCUIT 
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Figure  U . ARRANGEMENT  OF  CELLS  IN  TEMPERATURE,  CABINET 
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SECTION  II 
METHOD 


A.  Measurement  of  Dielectric  Constant  and  Dissipation  Factor 
1.  Procedure 

Six  measuring  cells  of  the  guarded  type  are  disassembled  and 
cleaned  by  shaking  with  clean  dry  acetone.  After  drying,  the  cells  are 
assembled  and  placed  in  the  test  chamber.  The  capacitance  while  empty  is 
measured,  using  the  substitution  method  wherein  the  high  lead  to  the  cell 
(K  Figure  2)  is  connected  for  one  measurement  and  then  disconnected  for 
another  measurement.  This  procedure  effectively  eliminates  the  capacitance 
and  losses  of  the  leads.  It  has  been  found  that  the  value  of  capacitance 
while  empty  does  not  vary  significantly  with  temperature;  hovrever, due  to 
reassembly,a  slight  change  in  value  may  occur  so  that  it  is  necessary  to 
determine  the  empty  capacitance  after  each  reassembly. 

The  cells  are  then  filled  with  the  fuels  to  be  measured  and  the 
temperature  is  adjusted  until  a glass  stem  thermometer  placed  near  the  cells 
indicates  the  desired  temperature.  After  holding  the  temperature  constant 
for  30  minutes,  the  capacitance  of  the  filled  cells  is  measured  by  the 
substitution  method.  Two  measurements  are  made  at  32°F  (0°C)  to  make  sure 
cooling  to  -65  °F  (~3U°C)  has  not  changed  the  fuel  characteristics. . 

During  the  test  run  it  is  necessary  to  open  the  top  of  the  test 
chamber.  The  top  is  equipped  with  an  automatic  switch  so  that  when  opened 
the  fans  are  cut  off.  No  change  in  cell  temperature  is  detected  due  to 
this  brief  opening. 

Periodic  calibration  of  the  measuring  cells  is  made  with 
chemically  pure  benzene.  Oorrections  of  the  guarded  Balsbaugh  cell  have  been 
negligible.  The  dielectric  constant  of  the  fuel,  therefore,  is 
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simply  the  ratio  of  the  capacitance  while  full  to  the  capacitance  while 
empty. 

2.  Operation  of  Coupling  Circuit 

Referring  to  Figure  2,  the  resistors  Rg  and  R-t,  and  the  capacitors 
Cs  and  Ct  comprise  the  Wagner  ground  coupling  circuit.  The  values  of  Rs 
and  Rt  should  roughly  conform  to  the  values  of  the  bridge  ratio  arms  R^  and 
RB,  respectively.  The  function  of  the  coupling  circuit  is  to  adjust  the 
potential  of  the  guard  circuit,  including  the  shields  and  the  guard  ring  of 
the  measuring  cell,  to  ground  potential.  When  this  condition  is  achieved 
there  can  be  no  charging  current  through  the  terminal  capacitance,  guard  ring 
to  ground  plate  of  the  measuring  cell,  and  therefore  no  bridge  current 
shunting  the  direct  capacitance  of  the  cell. 

In  practice,  successive  balances  are  made  with  the  switch  S 
alternately  opened  and  closed.  With  S open,  Cb  and  Cn  are  adjusted  until 
the  oscilloscope  indicates  a null.  Switch  S is  closed,  usually  upsetting 
the  null  indication;  Rs  and  Cs  are  adjusted  until  a null  is  again 
indicated.  This  process  is  continued  until  no  change  occurs  when  S is 
opened  or  closed. 

B.  Density  Measurement 

Determination  of  fuel  density  was  made  with  special  pycnometers 
calibrated  to  indicate  true  volume.  This  method,  described  in  A.  S.  T.  M . 
Specification  D-9hl-57T,  gives  results  which  are  accurate  to  within  .05 
per  cent.  Constant  temperature  liquid  baths  were  constructed  using 
transparent  Dewar  flasks  so  the  pycnometer  graduations  may  be  read  without 
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lifting  the  pycnometer  out  of  the  bath.  Density  in  grains  per  cc  is 
converted  to  density  in  pounds  per  gallon  by  multiplying  by  8,3454. 


C.  Capacity  Index 

The  capacity  index  is  defined  in  OSRD  Report  No.  4016,  June 
30,  1944,  ’’Some  Characteristics  of  Aircraft  Engine  Fuels:  Their 

Influence  on  Capacitor  Type  Tank  Gages."  It  is  the  ratio 

K-l 

D 

where  K is  the  fuel  dielectric  constant  and  D the  fuel  density. 

The  OSRD  report  shows  that  the  indication  of  a capacitance  type 
fuel  gage  is  proportional  to  the  product  of  the  mass  and  the  capacity 
index  provided  the  liquid  in  the  tank  has  a constant  surface  area. 

D.  Effect  of  Moisture  Content 

1)  Electrical  Measurements 

Because  of  the  small  effects  of  moisture  content  indicated  in 
previous  investigations,  it  was  necessary  to  use  a larger,  more  accurate 
cell  in  the  determination  of  dielectric  constant  and  dissipation  factor. 

Three  specimens  of  each  of  grades  91/98,  luo/130,  115/145  and 
JP-3  and  one  specimen  of  grade  JP-4  were  measured  at  77 °F  and  400  cps  as 
received  and  after  saturation  with  distilled  water,  synthetic  hard  water, 
and  synthetic  sea  water.  Electrical  measurements  were  made  after  all 
specimens  had  settled  24  hours,  and  the  specimen  used  was  drawn  off  the 
upper  portion  of  the  saturated  fuel  to  eliminate  excess  water. 

2)  Moisture  Content  Measurements 

The  amount  of  water  present  in  the  fuels  as  received  and  after 
saturation  was  determined  by  the  Karl  Fischer  method.  This  method  is 
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accurate  to  within  approximately  3 parts  per  million  (milligrams  of  H2O  per 
liter  of  fuel). 


E.  Handling  of  Specimens 

Specimens  were  stored  in  their  original  containers  in  an  outdoor 
enclosure  protected  from  the  weather.  Before  measurements  one  quart  of 
each  specimen  was  processed  to  distill  off  10  per  cent  by  volume.  This 
portion  was  designated  with  the  suffix  "E”  and  was  treated  as  a distinctly 
different  specimen.  All  specimens  were  handled  in  brown  glass  bottles  to 
prevent  possible  formation  of  precipitate  due  to  sunlight.  One  pint  of 
each  specimen  was  retained  after  electrical  measurements. 

SECTION  III 
RESULTS 

A.  Dielectric  Constant,  Density,  and  Capacity  Index  versus  Temperature 
Dielectric  constant  at  ii.00  cps  and  density  were  measured  and 
capacity  index  was  calculated  for  about  one  of  every  five  test  specimens 
through  a temperature  range  of  -63°F  (-5U°C)  to  130°F  (5U°C)  with  results 
given  in  Tables  1 to  7 inclusive  and  plotted  on  Figures  6 to  28  inclusive. 
The  group  consisted  of  the  following  number  of  specimens  of  each  grade  of 
fuel: 


Grade  91/98  - 10 

Grade  10u/l3o  - 9 

Grade  115/lb 5 - 9 

Grade  JP-1  - 6 

Grade  JP-3  - 6 

Grade  JP-U  - 6 

Experimental  - li. 


In  these  and  all  following  results,  the  suffix  "E"  designates 
a specimen  after  evaporation  of  10$  by  volume. 
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The  mean  slopes  of  the  dielectric  constant'  versus  temperature 
curves  listed  above  were  calculated  for  each  grade  of  fuel  to  be  used  in 
determining  the  mean  temperature  coefficient  and  are  presented  in  Table 
20.  The  density  of  all  specimens  was  practically  a linear  function  of 
temperature.  Data  has  been  compiled  to  show  this  relation  and  is 
presented  in  a subsequent  section. 

Two  specimens  exhibited  peculiar  behavior  due  to  temperature 
change.  Initially  the  dielectric  constant  of  specimen  No.  2l|8  measured 
2.127  at  32 °F  (0*C).  After  cooling  to  -65 #F  (-5U*C)  and  then  reheating 
to  32 °F  (0*C)  the  fuel  measured  2.1U9.  A fresh  sample  was  used  for  the 
high  temperatures,  giving  a measurement  of  2*052  at  130°F  (5U°C).  The 
sample  which  had  been  subjected  to  the  low  temperatures  measured  2,092 
at  130°F  (5U°C).  Sample  No.  365E  also  exhibited  a behavior  similar  to 
that  of  No.  2U8.  Initially  at  32®F  (0°C),  its  dielectric  constant 
measured  1,99k . After  cooling  to  -65*F  (-5U°C)  and  then  reheating  to 
32 ®F  (0#C),  the  fuel  measured  1.98U.  After  further  heating  to  130°F 
(5U°C)  and  then  recooling  to  32 *F  (0*C),  the  dielectric  constant 
measured  1.972.  These  effects  were  demonstrated  by  several  repetitions 
of  the  experiment. 

B.  Dielectric  Constant,  Density,  and  Capacity  Index  at  32 °F  (0°C): 

All  Specimens. 

The  dielectric  constant  at  U00  cps  and  the  density  were 
measured,  and  capacity  index  calculated  for  all  specimens  at  32°F  (0°C). 
These  results  are  presented  in  Tables  8 to  lU  inclusive,  and  are  shown 
graphically  in  Figures  29  to  33.  Figures  3h  to  38  present  plots  of 
dielectric  constant  versus  density  at  32°F  (0°C)  and  a line  of  regression, 
determined  by  statistical  means.  (“Methods  of  Correlation  Analysis11, 
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M.  Ezekiel,  Wiley  and  Sons,  19Ul,  Chapter  8).  This  line  is  the  best 
straight  line  ■which  can  be  drawn  to  depict  the  correlation  between  the 
two  variables.  The  figures  also  give  the  per  unit  correlation,  1.0 
being  perfect  correlation. 

Figures  39  to  U3  present  plots  of  capacity  index  versus 
dielectric  constant  at  32 *F  (0°C)  and  lines  of  regression  for  these  two 
variables. 

Figures  1*1*  and  1*5  show  lines  of  regression  of  dielectric  constant 
versus  density  and  capacity  index  versus  dielectric  constant  for  all 
grades  plotted  on  one  chart.  Also  included  on  these  charts  are  lines  of 
regression  for  a combination  of  51  specimens  of  grade  100/130  and  1*1* 
specimens  of  grade  ll5/ll*5  fuels;  and  a combination  of  51  specimens  of 
grade  100/130,  1*1*  samples  of  grade  ll5/ll*5,  and  35  samples  of  grade  JP-3 
fuels. 

Tables  15  and  16  present  the  mean,  maximum,  and  minimum  values 
of  dielectric  constant,  density,  and  capacity  index  of  both  the 
unevaporated  and  evaporated  samples  at  32 °F  (0°C)  for  each  grade  and  for 
combinations  of  grades  100/130  and  115/11*5,  and  grades  100/130,  ll5/l!*5, 
and  JP-3.  From  these  tables  the  effect  of  evaporation  of  10%  by  volume 
was  determined  and  is  presented  in  Table  17. 

C.  Dissipation  Factor 

The  electrical  measuring  circuit,  using  the  Balsbaugh  cell,  is 
sensitive  only  to  values  of  dissipation  factor  greater  than  about  0.0007 
at  1*00  cps.  Therefore,  only  dissipation  factors  exceeding  this  value  are 
reported  in  Table  18. 
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D.  Slope  of  Density  versus  Temperature  Curves  as  a Function  of  Density 

The  density  versus  temperature  curves  of  36  fuel  specimens  were 
analyzed  and  equations  were  derived  which  predict  density  values  at  various 
temperatures. 

Table  19  gives  the  slope  of  the  density  versus  temperature 
characteristic  for  each  specimen  considered  in  this  determination.  The 
slope  appears  to  be  approximately  a linear  function  of  density  at  32  °F 
(0°C)  as  shown  in  Figure  46.  The  per  unit  correlation  of  the  line  of 
regression  was  determined  to  be  0.888,  unity  being  perfect  correlation. 

Based  on  these  calculations,  the  general  equation  for 
determining  density  of  temperature  T when  the  density  at  32 #F  is  known 
becomes 

Dt  - D32  (.983822  ♦ .00050556T) 

- .0069302T  + .221766 

where  D is  the  density  in  pounds  per  gallon,  and  T is  the  temperature  in 
degrees  F. 

Specific  equations  which  apply  to  the  end  points  of  the 
temperature  range  ares 

E-65  * ^32  (*95096)  + .67223 
Dl30  - D32  (1. 01*954)  - .67916 

E.  Dielectric  Constant,  Density,  and  Capacity  Index  at  -65 °F  (-54*0. 

3?T-(ff’C),  and'  130 UF  (54uc7 — ~ - 

Using  the  mean  slope  of  the  dielectric  constant  versus  temperature 
curves  and  the  mean  value  of  dielectric  constant,  the  mean  temperature 
coefficient  of  dielectric  constant  was  determined  for  each  grade  of  fuel 
and  is  presented  in  Table  20.  The  temperature  coefficient  is  defined  by 
the  following  equations: 
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Kt  » K32  (l-*(t-32)  ) or  Kt,  « K0 

where  K is  the  dielectric  constant 

t is  the  temperature  in  degrees  F 
t*  is  the  temperature  in  degrees  C 

is  the  temperature  coefficient  of  dielectric  constant  per  degree  F 
o^'is  the  temperature  coefficient  of  dielectric  constant  per  degree  C. 

Using  this  equation,  the  dielectric  constants  of  all  specimens  not 

tested  at  temperatures  other  than  32°F  (0°C)  were  calculated  at  -65°F  (-5U°C) 

and  130 °F  (5U°C).  Density  was  determined  at  these  same  two  temperatures  by 

means  of  the  equations  of  the  preceding  section,  thereby  permitting 

calculation  of  the  capacity  index. 

Tables  21  to  26  present  the  dielectric  constant  and  density  and 

fables  27  to  32  the  capacity  index  of  all  specimens  at  -65°F  (-5U°C), 

32°F  (0°C),  and  130°F  (5U°C)  for  each  grade  of  fuel. 

Plots  of  dielectric  constant  versus  density  and  capacity  index 

versus  dielectric  constant  at  the  three  temperatures  are  shown  in  Figures 

1*7  to  56,  inclusive. 

F.  Effect  of  Moisture  Content 

The  results  of  the  effect  of  moisture  content  investigation  using 
the  revised  cell  are  presented  in  Tables  33 » 3h  and  35* 

G.  Chemical  Properties  versus  Dielectric  Constant 

Attempts  to  correlate  initial  boiling  point,  and  lead,  sulfur,  and 
aromatic  content  with  dielectric  constant  showed  insignificant  correlation. 
These  quantities  are  presented  in  Tables  36  to  UO,  inclusive,  and  are  shown 
graphically  in  Figures  57  and  58  for  grade  91/98  fuel. 

The  aniline-gravity  constant,  however,  exhibited  a definite 
relationship  to  the  dielectric  constant.  This  relationship  is  shown 
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graphically  in  Figures  59  to  6l  inclusive. 

H.  Evaluation  of  New  Cell 

A calibration  at  room  temperature  was  performed  using  chemically 
pure,  benzene  as  a standard  liquid.  The  dielectric  constant  of  the  benzene 
measured  2.277.  The  accepted  value  at  77°F  is  2.27U. 

Two  gage  lines  are  inscribed  on  the  glass  cell  at  the  ground 
joint  so  the  cell  may  be  assembled  the  same  way  each  time  it  is  cleaned. 
Only  a slight  change  in  empty  capacitance  is  noted  after  repeated 
disassemblies  and  assemblies. 

An  investigation  was  made  to  determine  the  changes  of  the  cell 
capacitance,  while  empty,  during  a temperature  run.  The  results  of  this 
investigation  showed  that  the  changes  in  empty  cell  capacitance  over  the 
temperature  range  of  -65°F  (-5U°C)  to  130°F  (5U°C)  are  insignificant 
considering  the  sensitivity  of  the  bridge  circuit. 

I.  Effect  of  Storage  and  Handling 

Three  samples  of  fuel,  one  from  the  fueling  truck,  one  from  a 
B-36  aircraft  before  flight,  and  one  from  the  same  B-36  after  fllght.were 
tested  at  77°F  (25°C)  and  MOO  cps  to  determine  the  effect  of  storage  and 
handling  upon  the  electrical  and  physical  properties  of  the  fuel.  To 
obtain  greater  sensitivity  and  accuracy,  the  experimental  cell  was  used 
in  the  measurement  of  dielectric  properties.  The  results  of  these  tests 
are  presented  in  Table  Ul. 
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TABLE  1 

Dielectric  Constant  at  UOO  Cycles  par  Second 
Density  in  Air  (Lb/Gallon),,  and  Capacity  Index 
Grade  91/96  Fuels 
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(Continued) 
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(Cl)  .1659  .1652  .16U1  .1627  .1625  .1629 


Temperature,  Degrees  F 
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Dielectric  Constant  at  i|00  Cycles  per  Second 
Density  in  Air  (Lb/Gallon) , and  Capacity  Index 
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(Continued) 
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Dielectric  Constant  at  I4.OO  Cycles  per  Second 
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1695  .1686  .1683  .1667  .1672  .1660 


(Continued) 


CM 

O oo  u\ 
CM  MD  vO 
OnW  H 

• • • 

iH  In 


co 

O mvo 

ouah 

• • • 

rH  In 


1A  CM  CO 
H ON  VO 
0\ln  h 

• * • 

H lA 


CM 

In  CO 

O\0O  VO 
CO  -d  H 

• • • 

HU\ 


in 

ON-d  cm 
ON  CO  VO 
COXA  H 

• • ♦ 

rl  in 


CO 

CM  On  CM 
oxnv o 
On  In  iH 

• • • 

iH  in 


O 

cm  oo  in 
in  vo  vo 
On  c—  H 

• • • 

Hin 


-d 

c-in  co 
co  co  vo 
on  r—  h 

• • • 

Hin 


o 

o co-d- 
in On  vo 
On  H 

• • • 

Hin 


in 

Ot^co 
COCO  vO 
On  VO  H 

• • • 

Hin 


_ H 
O C—  CM 
CO  CO  vo 
On  c—  H 

• ♦ • 

Hin 


oo 

-d  cm  co 
-d  vo  vo 
On  r—  H 

• • • 

Hin 


oinvQ 
ov-dvO 
On  On  H 

• • • 

Hin 


co 

in  on  co 
vo  6 vo 
On  On  H 

• • • 

Hin 


co 

4H4 
co  r- vo 

On  On  H 

• • • 

Hin 


-d  cm  3? 
vo  vb  vo 
On<25  h 

• • • 

Hin 


H 

400 
vo  Hvg 
On  On  H 

• • i 

H in 


r—  VM  — J 

• • • 

Hin 


co 

H vO  t>- 
CM  CO  vo 
O O H 

• • • 

CM  VO 


cm  r-in 

8^"h 

• • • 

CM  VO 


-d 

H Hin 

§3)3 

• • * 

CM  VO 


H 

£r  O co 

GOUwo 

On  O H 

i • • 

H vO 


oo 

co  co  in 

8SS 

• * • 

CM  VO 


C—  H vQ 

CO  CM  vQ 
O CM  H 

• • • 

CM  VO 


On  O vb 
CM  On  vQ 
O H H 

• • • 

CM  VO 


On 

r—  On  in 
co-dvo 

O CM  H 

• • • 

CM  vO 


n- 

c-oo  in 
H cn  vo 
O H H 

• • • 

CM  vO 


CO 

c**-  O -d 
H OnvO 
O H H 

• • • 

CM  VO 


CO 

-d  CO  VO 

co  H vo 

O CM  H 

• t « 

CM  VO 


vO  CM  vO 
O co  H 

• • • 

CM  vO 


O CM  H 

# • • 

CM  VO 


In  C— VQ 

in-dvo 

o m H 

• • « 

CM  vO 


in 

inoo  C-- 
^d  covo 
o cm  h 

• • • 

CM  VO 


CM 

coo-d 

CO  OnvO 

O CM  H 

« • • 

CM  VO 


co  r- vo 
in  H vO 
O co  H 

• • • 

CM  VO 


O H 

P Q O 


8oo 


Q M 
O O O 


WADC  TR  52-53 


28 


(Continued) 


<D 

0) 

£o 

0) 

p 


oT 


IS 

JH 
a ) 
fr 


Eh 


O 

O 

g 

co 

H 


O 

o 

XA 

CM 


O 

0 

o 

cm; 

pa 


a 

o 

o 

CM 

I 

' — * 

•f 


0° 

s; 

i 

cT 

•f 


o 

o 

& 

t 

XA 


iH 

CO  CO  On 
A~  rH  XA 
COXA  H 

• • ♦ 

H\A 


VO  O O 
H CvjvO 

On  |>-  r-H 

* • • 

rH  V\ 


CO 

VO  On  PA 
VO  On  VO 
ON  CO  H 


rH  XA 


s XA 
A-XA  CA 
CO  CANO 
On  O rH 

• * • 

rH  vO 


O 

PA  NO 
cfc^-vq 
O rH  rH 

• • • 

CM  vO 


CA 

SfcS 

« • • 

CM  VO 


BpS 


XA 

CO  VO  On 
CO  VO  XA 
CO  XA  H 

• • • 

H XA 


_ H 
vO  PA  CM 
PA  A-nO 
On  A-  rH 

* • ♦ 

HIA 


On 

On  c — CM 
vO  ^fvO 
On  On  rH 

• ♦ • 

hxa 


XA 

XAvO  PA 
On  CO  vO 
On  O rH 

• * • 

rH  vO 


oo 

O vO  PA 
CM  CM  VO 
O CM  H 

• • • 

CM  VO 


O 

H vO  PA 
PA  CM  vO 
O PA  H 

• • • 

CM  VO 


CM 

OO  -Cf  PA 
On  O NO 
ao  Xr\  H 

• • • 

H XA 


rH 

QO  XA-Cf 
PA  rH  VO 
On  A*  rH 

• • • 

rH  XA 


. 

NO  On  NO 
ON  co  H 

• • • 

HXA 


CO 

XA  NO 
On  PA  vO 
On  O H 


H nO 


On 

XA  OnXA 
CM  a- VO 

O H H 

• • ♦ 

CM  VO 


H 

PAOO  NO 
A-vq 
O CM  H 

• • • 

CM  NO 


g 


P o 


CM 

XA  PA  H 
OnXA  NO 
CO  XA  H 

• • • 

hxa 


00 

CO  H CM 
PA  vO  vO 
On  r—  H 

♦ • • 

HXA 


A-  CM  CM 

vO  vO 
On  On  H 


H XA 


O 

OOXA-ct 
On  CO  vO 
On  O H 

• • • 

H vO 


CM  A-  icf 
CM  CM  vO 
O CM  H 

• • * 

CM  NO 


On 
PA 

. NO 
O PAH 

• • • 

CM  NO 


g 


H 

n o 


£ 

II 

m 

w 

of 

CM 

-=$ 

% 

CM 

O 

o 

© p 

PA 

PA 

-zt 

-=t 

WADC  T 3 52-53 


29 


TABLE  I* 

Dielectric  Constant  at  1*00  Cycles  per  Second 
Density  in  Air  (Lb/Gallon),  and  Capacity  Index 
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2.253  2.231  2.210  2.17k  2.11*6  2.101 

7.271  7.181*  7,059  6.936  6.783  6.599 

.1723  .1711*  .1711*  .1693  .1690  .1668 


(Continued) 
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TABLE  6 

Dielectric  Constant  at  ij.00  Cycles  per  Second 
Density  in  Air  (Lb/Gallon)^  and  Capacity  Index 
Grade  JP—U  Fuels 


vg  O^- 

CO  H VO 
OnOH 

• • • 

H vO 


O 

On  vQ  vO 
OnO  H 

• • • 

H vO 


_ CVJ 

On  O XA 
H vQ 
O H H 

• • • 

CvJ  vO 


On 

r*-U\  cm 
H~=tvQ 
O CM  H 

• • • 

CM  VO 


ca-3*J^ 
cm  (And 
O cm  H 

• • • 

CM  VO 


On 

CA£>  ca 
nOvO 
O CA  H 

• • • 

CM  VO 


WADC  TR  52-53 


o 

XAQ-=t 
H §VQ 
O H H 

• • • 

CM  VO 


CM  \A 
£>-=tvo 
O CM  H 

• * • 

CM  vO 


cov>3 


vO 

ia  h xn 

S33 

• • • 

CM  vO 


CM 

H CM  XA 
VO  CM  VO 
O H 

• • • 

CM  VO 


CM 

CO  Is-  vO 
£-00  VO 
a j=t  h 

♦ • • 

CM  NO 


O 

* °o 

CO  w 
<D  CM 
<D  CA 

fe) 

5 


vO 

H C^-XA 

$33 


-rtco  vo 
VQ  On  vO 
O OA  H 

• # ♦ 

CM  VO 


VO  >-XA 
£- H VQ 
OXA  H 

• • • 

CM  vO 


XA 

OCOXA 
On  CO  vO 

oxah 

• • • 

CM  VO 


CA 

XAXAVQ 
On  CO  vO 

O XA  h 

• • • 

CM  VO 


$3$ 

H VO  H 

# ♦ • 

CM  NO 


$33 


S £ 

-P  O 

2 7 


°^VQ 
00  c— VO 
O-^H 

• • * 

CM  VO 


~f  cm  r- 
ON  CM  VO 
OXAH 

• • • 

CM  VO 


v ca 

CM  XA 
H-^vq 
H VO  H 

• • t 

CM  VO 


CO  On  vq 

d£3 

• • • 

CM  vO 


Hqg 

CM  H VO 
rl  t^rl 

• • • 

CM  vO 


CM  J CO  XA  O VQ 

-if  C*-  MD  ON  vO  vO 

H C*"-  H O XA  H 

• • * • • • 

CM  VO  CM  VO 


^ CM 

H XA  H 

• • • 

CM  VO 


Hc^c8 

• • • 

CM  vO 


o nS3 

ass 

• • • 

CM  VO 


33$ 

HcSh 

• • • 

CM  VO 


vQXA 
-i*  CAvn 
H CO  H 

• • • . 

CM  VO 


On 

On  CM  A- 
XA  O vO 
H On  H 

• • • 

CM  VO 


CO  VQ  fe 
CM  CO  VO 
H VO  H 

• • * 

CM  VO 


COXA  CO 
CM  00  VO 
HvO  H 

• • • 

CM  NO 


HlAcg 

• • • 

CM  VO 


O OC\ 

ass 


o 

XACAOO 

'P  JAvq 
H On  H 

• • • 

CM  VO 


H 

-CfXAOO 
vQ  CM  VO 
H On  H 

• • « 

CM  VO 


O 

CM  oa  On 

co  On  vo 
H On  H 

• • • 

CM  VO 


CO  vo  On 
•ftt^vQ 
He — H 

* • • 

CM  vO 


Boo  Boo  Boo  Boo  Boo  Boo  Boo 


(Continued) 


Pm 

CO 

<D 

0) 

k 

8 


aT 


i 

& 


6 

O 

ca 

H 


£ 

r- 


■g 

CM 

<A 


•g 

CJ 

I 

\Js 

I 


S 

W 

n 


CM 

OD  CO  >- 

833 

• • t 

CM  VO 


_ CM 
t-Q^r 
CO  r-i  VO 
CNOH 

• • • 

HvO 


-4 

-40  CM 
CO  VO  VO 
Os  O H 

• • • 

HvO 


• • • 

CM  VO 


CM 

CA  W vD 
W CAVO 
O AH 

• • • 

CM  VO 


c*-  wc8 

• * • 

CM  vO 


C\ 

CM  On  VO 

O H H 

• • * 

CM  VO 


o ovUv 
W^J-VO 
O AH 

• • • 

CM  VO 


caw  e- 
oo  c^-vo 
04H 

• • ♦ 

CM  VO 


r— 

CO  CM^t 
CM  -4  vO 
O CM  H 

♦ • • 

CM  VO 


CM  OvlS 
W OWO 
C AH 

• ♦ • 

CM  VO 


CA 

WCAVQ 
CO  CM  vO 
O WH 

• • • 

CM  VO 


Ov 

vO  ca~4 
-d^vo 
O AH 

• • • 

CM  VO 


VO 

r—  caw 
e—  o vo 
O WH 

• « • 

CM  VO 


CM 

0\  CA  C — 
O CAvO 
HvO  H 

• • • 

CM  VO 


On 

CM  W CM 
CO  CAVO 
HOOH 

• • • 

CM  VO 


VO 

WvQ  On 
OACO  vO 
HvO  H 

• • • 

CM  vO 


-4 

H WOn 

* • • 

CM  vo 


CO 

CA  Ov  Ov 
vO  ^fvn 
H CO  H 

• • • 

CM  VO 


g 

Ov 


§ 

CM 

-4 


w 

A04 

CM  CM  VO 

C cm  H 

• * • 

CM  VO 


CM  o w 

* • * 

CM  VO 


vo 

CO  Ov  W 
CO  vo  vo 
C W H 

• • • 

CM  VO 


H 

Ov  W C-- 
rjOvvO 
HvO  H 

• * • 

CM  VO 


0 

CA 

On 

CA 

vO 

CO 

0 

CA  O Ov 

4Wco 

CM  VO  C^- 

OHco 

W~4  c>- 

0 

4U\vO 

HNH 

h owq 

H XT\  H 

H^tvq 
HvO  H 

*4*  VO  vO 
H C—  H 

-4  CM  VO 
HOOH 

I 

• • • 

• • • 

• • • 

• • • 

CM  vO 

CM  vO 

CM  VO 

CM  VO 

CM  VO 

VJ 

-zt 

CM 

vo  o o 

nHn 
H Ov  H 

♦ • • 

CM  VO 


80S  80S  80S  80S  80S 


3 

S* 


WADC  TB  52-53 


35 


o°  -4 

H 

On 

O 

-4 

n- 

CO 

VO 

-4  4HVO 

H O c- 

OlAO 

ON  CM  CM 

CAlA  CM 

-4CO  -4 

CA  CM  -4 

H On  -4 

XA  c^-tAvo 

On  ca  VO 

lAOvO 

VO  CO  no 

0040 

XA  cm  On 

vO  -4  vo 

r—  On  vO 

W On  co  H 

On  On  H 

On  On  i — 1 

On  On  H 

H CO  CM 

H On  H 

OnOO  H 

On  CO  H 

O • • • 

• • • 

• • * 

• • • 

• • • 

• • • 

• • • 

• • • 

CA  HXA 

H "LA 

HXA 

HlA 

CM  XA 

CM  XA 

hxa 

HXA 

OJ 

04(0 
CM  VO  VO 
O OH 


CA 

<r\  Onco 
ca  ca  vo 
O n ri 


CM 

r—  CM  cr\ 
O C*—  VO 
O H H 

• • ♦ 

CM  VO 


O CM  ~4 
CM  On  vo 
OHH 

• • • 

CM  NO 


iH 

H O co 
vO  vo  O 

CM  O CM 


CM 

On  On  O 
CM  CA  O 
CM  H CM 


O 

iron  vo 

O O H 

• • • 

CM  VO 


PcAXA 

rH  VO 

OHH 


pq  O 
o 

CO  O 
Q)  'w' 

0 CM 


XA 

-4 

_ CM 

H 

vO 

CA 

NO 

CM  XA  CO 

-4  oo  co 

H OXA 

CO  H vO 

CA  CM  CA 

C-  A-\A 

-4  On  r— 

OnXAvQ 

V\_4  VC 

VQ  H vo 

40vO 

xa  r-vo 

A4  H 

On  H O 

3 CANO 

-4  On  vq 

O CM  H 

O CA  H 

O CA  H 

O CA  H 

CA  CM  CM 

CM  CA  CM 

O CM  H 

O CM  H 

• # • 

t * • 

• • • 

• • • 

♦ • • 

• • • 

• • • 

• • • 

CM  VO 

CM  NO 

CM  VO 

CM  vO 

CM  NO 

CM  vO 

CM  VO 

CM  VQ 

B o° 

-P  O 
d CM 

U I 

O w 

& -4 


O 

O H On 
OO  On  vO 
O <A  H 

• • • 

CM  vO 


CM 

-4XA  On 
On  VO  vO 
G4H 


CM  XAVQ 
r — —4"  vo 

o3h 


XA 

XA  vo  VO 
CO  H vo 
O XA  H 

• • • 

CM  VO 


[>- 

O CO  O 
HCO  CM 
-4  \ CM 


OO 

-=TMD  O 

on -3'  oj 


H 

ca-4  co 
0-00  \o 
Oca  H 

• • • 

CM  vO 


O 

vo  ca  r- 

O -4  H 

• • • 

CM  VO 


o 

O 

XAN^ 

CM 

CM 

-4 

vO 

O 

H 

XA 

o 

XA  CO  o 

CM  O N 

CO  O vO 

-4  CA  XA 

8»a 

-4  On  On 

-40  C- 

-4 

H An 
rl  XA  H 

cm  On 

O On  no 

O VQ  vo 
H vO  H 

f—  CA  CM 

O CM  VQ 

O On  vo 

1 

H no  H 

H XA  H 

-4  XA  CM 

4 * VO  CM 

HXA  H 

H XA  H 

• * • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

• • • 

O 

CM  VQ 

CM  VO 

CM  VO 

CM  NO 

CM  NO 

CM  VO 

CM  VQ 

CM  VO 

O 

o 

On 

O Os  4 

XA 

H 

H 

CM 

CM 

CM 

-4 

XA  O O 

H Hh* 

O H N- 

OA-4CO 

VO  XA 

CM  CM  On 

CM  H 

On 

XA 

CA-4  C — 

IAON 

CM  On  vO 

CAVO  VO 

H CA  CM 

XA  O H 

CM  CA  VQ 

CA  On  MO 

1 

H nO  H 

H r—  H 

H vo  H 

H O-  H 

XAVO  CM 

4nc\j 

HvG  H 

H vO 

H 

V-/ 

o • • 

• • • 

• • • 

• ♦ • 

• • • 

• • * 

• • • 

• • 

• 

XA 

vO 

CM  vO 

CM  VO 

CM  VO 

CM  VO 

CM  VQ 

CM  VO 

CM  M3 

CM  NO 

O M 

« P O 


g Q) 

•H  rQ 

O 

§ 

H 

3 

CM 

W 

CM 

CA 

CA 

o g 

oo 

oo 

OO 

oo 

OO 

OO 

oo 

CO 

<D  3 

CA 

<A 

CA 

CA 

CA 

CA 

CA 

CA 

WADC  TR  52-53 


36 


TABLE  8 


Dielectric  Constant,  Density 
and  Capacity  Index  at  32oF(0°C) 

Grade  91/98  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

200 

1.999 

6.105 

.1635 

200E 

2.007 

6.186 

.1628 

201 

1.970 

5.928 

.1636 

201E 

1.975 

5.980 

.1630 

20l* 

1.987 

5.970 

.1653 

20l|E 

1.998 

6.018 

.1658 

205 

1.969 

5.909 

.161*0 

205E 

1.978 

6.001; 

.1629 

21^ 

1.972 

5.939 

.1637 

215e 

1.985 

6.008 

.1639 

216 

1.961; 

5.93U 

.1625 

216E 

1.983 

5.995 

.161*0 

217 

1.972 

5.961 

.1631 

217E 

1.987 

6.029 

.1637 

219 

2.000 

6.188 

.1616 

219E 

2.018 

6.239 

.1632 

223 

1.968 

5.972 

.1621 

223E 

1.987 

6.003 

.161*1* 
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TABLE  8 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density- 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

227 

2.013 

6.237 

.1621* 

227E 

2.032 

6.297 

.1639 

235 

1.979 

5.992 

.1631* 

235E 

1.989 

6.01*5 

.1636 

238 

1.973 

5.951 

.1635 

238E 

1.979 

5.99U 

.1631* 

239 

1.966 

5.95  0 

.1621* 

239E 

1.971 

6.001 

.1618 

2JL4.2 

1.968 

5.971* 

.1620 

2l*2E 

1.976 

6.001* 

.1626 

21*7 

1.981 

5.981* 

.1639 

2l;7E 

1.979 

6.026 

.1625 

2^2 

2.008 

6.050 

.1666 

252E 

2.018 

6.095 

.1670 

253 

1.997 

6.112 

.1631 

253E 

2.001 

6.179 

.1620 

256 

1.969 

5.959 

.1626 

256E 

1.981* 

6.011 

.1637 

261 

1.982 

6.050 

.1623 

26lE 

1.995 

6.090 

.1631* 

265 

1.970 

5.959 

.1628 
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TABLE  8 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

265E 

1.977 

6.003 

.1669 

269 

1.996 

6.065 

.161*2 

269E 

2.011 

6.095 

.1659 

270 

1.969 

5.975 

.1622 

27  OE 

1.981* 

6.010 

.1637 

273 

1.975 

5.930 

.161*1* 

273E 

1.986 

5.970 

.1652 

280 

1.980 

6.002 

.1633 

280E 

1.981 

6.033 

.1626 

286 

2.010 

6.178 

.1635 

286e 

2.021* 

6.252 

.1638 

288 

2.007 

6.01*9 

.1665 

288E 

2.010 

6.093 

•1658 

298 

1.971* 

5.919 

.161*6 

298E 

1.993 

5.966 

.1661* 

299 

2.010 

6.089 

.1659 

299E 

2.018 

6.11*3 

.1657 

303 

1.973 

5.96  7 

.1631 

303E 

1.972 

6.007 

.1619 

307 

2.008 

6.070 

.1661 

307E 

1.993 

6.100 

.1628 
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TABLE  8 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

309 

1.976 

5.922 

.161*8 

309E 

1.985 

5.963 

.1652 

310 

1.981* 

6.052 

. 1626 

310E 

1.983 

6.097 

.1612 

323 

1.979 

5.931 

.1651 

323E 

1.985 

5.976 

.1683 

326 

2.002 

6.111 

.161*0 

326e 

2.001* 

6.169 

.1627 

328 

2.015 

6.112 

.1661 

328E 

2.029 

6.170 

.1668 

332 

1.973 

5.959 

.1633 

332E 

1.978 

5.997 

.1631 

335 

2.008 

6.126 

.161*5 

335E 

2.019 

6.181 

.161*9 

3l*0 

1.980 

5.939 

.1650 

3iiOE 

1.983 

5.989 

.161*1 

3U6 

1.975 

5.929 

• 161*1* 

31*6e 

1.970 

5.977 

.1623 

3U9 

2.013 

6.206 

.161*1* 

3l*9E 

2.051 

6.262 

.1629 

352 

2.027 

6.163 

.1666 

352E 

2.050 

6.213 

.1690 
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TABLE  8 
(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  UOO  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 

(k-D/d 

35k 

1.973 

5.931 

.161*1 

35>liE 

1.983 

£.983 

.161*3 

362 

1.976 

6.0U6 

.1611* 

362E 

1.980 

6.085 

.1611 

363 

1.992 

6.138 

.1616 

363E 

2.005 

6.210 

.1618 

365 

1.968 

5.9U6 

.1628 

365E 

1.99U 

6.014* 

. 161*3 

371 

2.030 

6.160 

.1672 

371E 

2.0U7 

6.218 

.1681* 

373 

2.016 

6.120 

.1660 

373E 

2.028 

6.181* 

.1662 

387 

1.981 

6.01*1* 

.1623 

387E 

1.991 

6.090 

.1627 

392 

1.962 

5.896 

.1632 

392E 

1.972 

5.91*1 

.1636 

396 

1.971 

5.920 

.161*0 

396e 

1.978 

5.971 

.1638 

398 

2.038 

6.177 

.1680 

398e 

2.050 

6.21*0 

.1683 

Uoo 

1.997 

6.153 

.1620 

UOOE 

1.997 

6.199 

.1608 

111 
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TABLE  8 
(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

1*06 

1.988 

6.066 

.1629 

2*06e 

2.005 

6.09k 

.162*9 

102 

1.983 

6.061 

.1622 

1*12E 

1.989 

6.096 

.1622 

)[l)| 

2.010 

6.087 

.1659 

l*lljE 

2.022 

6.12*6 

.1663 
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TABUS  9 


Dielectric  Constants  Density 
and  Capacity  Index  at  32°F(0°C) 
Grade  100/130  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1*00  cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
( K-l)/D 

202 

1.951 

5.889 

.1615 

202E 

1.971 

5.956 

.1630 

207 

2.007 

6.033 

.1669 

207 E 

2.011 

6.111 

.165U 

210 

2.015 

6.076 

.1671 

210E 

2.021 

6.132 

.1665 

213 

1.959 

5.889 

.1628 

213E 

1.967 

5.951 

.1625 

21 1* 

1.985 

5.953 

.1655 

2U4E 

1.992 

6.021 

.161*8 

220 

2.019 

6.118 

•1666 

220E 

2.025 

6.177 

.1660 

225 

1.972 

6.019 

.1615 

22£e 

1.988 

6,070 

.1628 

230 

1.971 

5.867 

.1655 

230E 

1.971 

5.91*5 

.1631* 

237 

1.967 

5.910* 

.1627 

237E 

1.977 

5.991* 

.1630 

2l;0 

1.953 

5.891 

.1618 
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TABLE  9 
(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1;00  CPS 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

2l;OE 

1.978 

5.9U9 

.1610; 

2li3 

1.960 

5.892 

.1629 

2U3E 

1.962 

5.961; 

.1613 

2l;5 

1.956 

5.8J;2 

.1636 

2i|$E 

1.960 

5.879 

.1633 

2^0 

1.967 

5.85 2 

.1652 

25oe 

2.009 

5.933 

.1701 

255 

1.962 

5.893 

.1632 

255E 

1.965 

5.9U1 

.1621; 

258 

1.968 

5.9U6 

.1628 

258e 

1.980 

6.000 

.1633 

263 

1.961 

5.915 

.1625 

263E 

1.980 

5.969 

. 161£ 

267 

1.959 

5.899 

.1626 

267E 

1.967 

5.936 

.1629 

271 

1.973 

5.895 

.1651 

271E 

1.977 

5.9U2 

.1672 

272 

2.028 

6.1U1 

.1671; 

27  2E 

2.0lt7 

6.208 

.1686 

275 

1.976 

5.959 

.1638 

275E 

1.981. 

5.981; 

.1610; 

10; 


VADC  TB  52-53 


TABLE  9 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1(.00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

279 

1.970 

?.931 

.163? 

279E 

1.983 

?.96? 

.161*8 

28? 

1.977 

?.881* 

.1660 

28?E 

1.97? 

?.931 

.161*1* 

28? 

1.972 

?.969 

.1628 

289E 

1.972 

6.00? 

.1619 

291 

1.960 

?.922 

.1621 

291E 

1.976 

?.966 

.1636 

297 

2.029 

6.137 

.1677 

297E 

2.03? 

6.181 

.1671* 

300 

2.016 

6.07? 

.1672 

300E 

2.038 

6.11*6 

.1689 

30l* 

1.966 

?.896 

.1638 

30Ue 

1.973 

?.96l 

.1632 

311i 

1.969 

?.89ii 

•161*1* 

31UE 

1.967 

?.9li8 

.1626 

319 

2.01? 

6.093 

•1666 

319E 

2.01*9 

6.166 

.1701 

321 

1.979 

?.9?0 

.161*? 

321E 

1.998 

?.99? 

•166? 

327 

1.991 

6.01*6 

.1639 

327E 

2.00? 

6.116 

.161*3 
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TABLE  9 
(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

33  0 

2.032 

6.11*1* 

.1680 

330E 

2.01)1 

6.196 

.1680 

331 

1.961* 

5.889 

.1637 

331E 

1.979 

5.939 

.161*8 

333 

2.007 

6.122 

.161*5 

333E 

2.025 

6.181 

.1658 

339 

1.985 

5.95o 

.1655 

339E 

1.991* 

5.996 

.1658 

3143 

1.991 

5.980 

.1657 

3l*3E 

2.000 

6.033 

.1658 

350 

1.962 

5.862 

.161*1 

350E 

1.968 

5.9H* 

.1637 

351 

2.01*8 

6.169 

.1699 

35ie 

2*066 

6.21*9 

.1706 

356 

1.968 

5.893 

.161*3 

356E 

1.969 

5.91*7 

.1629 

358 

1.961* 

5.900 

.1631* 

358e 

1.967 

5.938 

.1628 

367 

2.008 

6.128 

• 161*5 

367E 

2.01*1* 

6.228 

.1676 

370 

2.018 

6.070 

.1677 

370E 

2.037 

6.135 

.1690 

1*6 
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TABIE  9 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

378 

2*020 

6.093 

.1671* 

37  8E 

2.0l*9 

6.181* 

.1696 

386 

1.968 

5.921 

.1635 

386e 

1.976 

5.980 

.1632 

393 

1.963 

5.889 

.1635 

393E 

1.981 

5.979 

.161*1 

395 

2.003 

6.026 

.1661* 

395E 

2.006 

6.082 

.1651* 

399 

2.019 

6.0l*8 

.1685 

399E 

2.012 

6.108 

.1657 

1*01 

1.950 

5.919 

.1605 

1*01E 

1.969 

5.965 

.1621* 

1*05 

2.022 

6.11*5 

.1663 

1*o5e 

2.039 

6.191 

.1678 

h09 

1.966 

5.958 

.1621 

1*09E 

1.975 

5.979 

.1631 

1*13 

2.017 

6.122 

.1661 

U13E 

2.033 

6.175 

.1673 

1*7 
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TAEL'S  10 


Bielectric  Constant,  Density 
and  Capacity  Index  at  32°F(OuC) 
Grade  ll5/ll*5  Fuels 


Specimen 

Number 

Bielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

206 

1.971* 

5.880 

.1656 

206e 

1.975 

6.001 

.162£ 

208 

1.962 

5.908 

.1628 

208e 

1.972 

5.959 

.1631 

212 

1.969 

5.921* 

.1636 

212E 

1.983 

5.995 

.161*0 

218 

1.966 

5.971* 

.1617 

218E 

1.985 

6.033 

.1633 

226 

1.91*7 

5.81*0 

.1622 

226E 

1.967 

5.881* 

.161*1* 

231 

1.969 

5.889 

.161*6 

231E 

1.968 

5.935 

.1631 

236 

1.977 

5.918 

.1651 

236E 

1.987 

5.973 

.1653 

21*1* 

1.971 

5.880 

.1651 

2l*l*E 

1.973 

5.929 

.161*1 

21*6 

1.955 

5.891 

.1621 

2l*6E 

1.979 

5.9U  0 

.161*8 

2£l 

1.987 

5.968 

.1651* 
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TABLE  10 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  UOO  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

25lE 

2.001; 

6.032 

.1661; 

257 

1.991 

5.898 

.1680 

257E 

1.988 

5.9U8 

.1661 

260 

1.976 

5.927 

.16U7 

260E 

1.981 

5.981; 

.1639 

266 

1 .95$ 

5.851; 

.1631 

266E 

1.966 

5.881; 

.16U2 

27  u 

1.970 

5.885 

.16U8 

27liE 

1.979 

5.973 

.1639 

278 

1.969 

5.923 

.1636 

27  8e 

1.982 

5.961 

•16U7 

281 

1.981; 

5.902 

.1667 

28lE 

1.990 

5.9U5 

.1665 

282 

1.952 

5.855 

.1626 

282E 

1.965 

5.903 

.1635 

28U 

1.976 

5.918 

•16U9 

281*E 

1.973 

5.961; 

.1631 

292 

1.968 

5.925 

.1631; 

292E 

1.981 

5.965 

.161+5 

29$ 

2.007 

6.oia 

.1667 

295E 

2.021; 

6.iou 

.1678 
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TABLE  10 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1;00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(k-l)/D 

301 

1.959 

5.928 

.1616 

301E 

1.998 

5.971 

.1671 

30S 

1.977 

5.899 

.1656 

30SE 

1.980 

5.9*0; 

•16U9 

308 

1.973 

5.913 

•l61;6 

308E 

1.991; 

5.969 

.1665 

313 

1.965 

5.909 

.1633 

313E 

1.981; 

5.971 

.16U8 

320 

1.965 

5.897 

.1636 

320E 

1.970 

6.033 

.1613 

321; 

1.967 

5.902 

.1638 

32I4E 

1.983 

5.97U 

.I6I4S 

329 

1.977 

5.897 

.1657 

329E 

1.997 

5.9UU 

.1677 

33k 

1.96U 

5.862 

.1610; 

33k E 

1.96U 

5.910 

.1631 

3U1 

1.977 

5.91+2 

.1610; 

3UlE 

1.991 

5.986 

.1656 

3k2 

1.966 

5.899 

.1638 

3kZ  E 

1.969 

5.9U7 

.1629 

348 

1.968 

5.911 

.1638 

3U8e 

1.971 

5.962 

.1629 
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TABLE  10 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

353 

1.952 

5.836 

.1631 

353E 

1.963 

5.878 

.1638 

355 

1.959 

5.81*8 

.161*0 

355e 

1.971 

5.896 

.161*7 

366 

1.957 

5.866 

.1631 

366e 

1.973 

5.920 

.161*1* 

368 

1.961* 

5.927 

.1626 

368E 

1.986 

5.997 

•161*1* 

3 71* 

1.973 

5.888 

.1653 

37l*E 

1.981 

5.91*1* 

.16^0 

376 

1.987 

5.890 

.1676 

37 6e 

1.978 

5.91*7 

.161*5 

379 

1.96b 

5.867 

.161*3 

379E 

1.97b 

5.929 

.161*3 

389 

1.962 

5.853 

.161*1* 

389E 

1.969 

5.861* 

.1652 

39  0 

1.977 

5.906 

.1651* 

390E 

1.985 

5.961* 

.1652 

1*02 

1.967 

5.891* 

.I6I1I 

1*02E 

1.967 

5.91*2 

.1627 

boh 

1.971 

5.923 

.1639 

5l 
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TABLE  10 


(Continued) 

Specimen 

Number 

Dielectric  Constant 
at  1|00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

hObE 

1.986 

9.988 

•l6U7 

h08 

1 *955 

9.962 

.1602 

U08E 

1.978 

6.021 

.162k 

101 

1.980 

9.89k 

.1663 

hi IE 

1.982 

9.991 

.1690 
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TABLE  11 


Dielectric  Constant,  Density 
and  Capacity  Index  at  32°F(0°C) 
Grade  JP-1  Fuels 

Specimen 

Dielectric  Constant 

Density 

Capacity  Index 

Number 

at  1*00  Cps 

Pounds  per  Gallon 

(K-l)/D 

221 

2.161 

6.872 

.1690 

221E 

2.158 

6.879 

.1681* 

221* 

2.11*2 

6.71*0 

.1695 

22l*E 

2.11*8 

6.751 

.1701 

22? 

2.187 

6.969 

.1701* 

229E 

2.196 

6.988 

.1712 

233 

2.123 

6.687 

.1680 

233E 

2.119 

6.699 

.1671 

2ia 

2.120 

6.61*8 

.1685 

2i*lE 

2.119 

6.655 

.1681 

21*9 

2.137 

6.826 

.1666 

2i*9E 

2.128 

6.81*0 

.161*9 

259 

2.122 

6.61*6 

.1688 

259E 

2.121 

6.656 

.1681* 

261* 

2.179 

6.926 

.1702 

261*E 

2.182 

6.9U3 

.1702 

268 

2.131 

6.670 

.1696 

268E 

2.130 

6.676 

.1691 

276 

2.092 

6.683 

.1631* 
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TABLE  11 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  UOO  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

27 6e 

2.129 

6.690 

.1688 

287 

2.150 

6.815 

.1687 

287E 

2.156 

6.820 

.1695 

290 

2.17U 

6.936 

.1693 

290E 

2.180 

6.953 

.1697 

293 

2.13U 

6.706 

.1691 

293E 

2.136 

6.712 

.1692 

29U 

2.180 

6.91*8 

.1698 

29UE 

2.185 

6.966 

.1701 

306 

2.127 

6.722 

.1677 

306e 

2.119 

6.733 

.1662 

312 

2 .116 

6.707 

.1707 

312E 

2.137 

6.712 

.1694 

316 

2.192 

6.991 

.1705 

316E 

2.181* 

7.018 

.1687 

318 

2.107 

6.661 

.1662 

318E 

2.110 

6.763 

•I6iil 

322 

2.187 

6.977 

.1701 

322E 

2.195 

6.999 

.1707 

336 

2.183 

6.938 

.1705 

$k 
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TABLE  II 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  liOO  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
( K-D/D 

336 E 

2.186 

6.955 

.1705 

M 

2.3M 

6.872 

.1681 

3bhE 

2.Htf 

6.886 

.1666 

35>7 

2.166 

6.896 

.1691 

357E 

2.170 

6.918 

.1691 

36 1* 

2.182 

6.915 

.1709 

361*E 

2.185 

6.926 

.1711 

377 

2.189 

6.920 

.1708 

377E 

2.179 

6.9U5 

.1698 

TABLE  12 


Dielectric  Constant,  Density 
and  Capacity  Index  at  32°F(0°C) 
Grade  JP-3  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1|00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

203 

2.029 

6.2U2 

•16U9 

203E 

2.053 

6.303 

.1671 

209 

2.1U3 

6.827 

.1671; 

209E 

2.160 

6.956 

.1668 

211 

2.010 

6.176 

.1635 

211E 

2.037 

6.279 

.1652 

222 

2.118 

6.595 

.1695 

222E 

2.159 

6.710 

.1719 

228 

2.135 

6.630 

.1712 

22 8E 

2.167 

6.736 

.1733 

232 

2.071; 

6.U31 

.1670 

232E 

2.096 

6.5U5 

.1675 

23U 

2.0U2 

6.335 

• l61;5 

23UE 

2.061 

6.10.8 

.1653 

2l;8 

2.127 

6.666 

.1691 

2U8E 

2.159 

6.810 

.1702 

2$k 

2.051 

6.368 

.1650 

2.071 

6.U50 

.1660 

262 

2.1U6 

6.629 

.1729 
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TABLE  12 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 

(k-D/d 

262E 

2.175 

6.721* 

.171*7 

277 

2.058 

6.327 

.1672 

277E 

2.069 

6.1*0$ 

.1669 

283 

2.098 

6.531 

.1681 

283E 

2.109 

6.630 

.1673 

302 

2.095 

6.1*78 

.1690 

302E 

2.101* 

6.592 

.1675 

311 

2.136 

6.636 

.1712 

311E 

2.161 

6.771* 

.1711* 

315 

2.110 

6.737 

.1691* 

315e 

2.158 

6.882 

• 1683 

317 

2.103 

6.618 

.1667 

317  E 

2.1U1 

6.778 

.1683 

325 

2.152 

6.771 

.1701 

325E 

2.175 

6.928 

.1696 

337 

2.073 

6.105 

.1673 

337 E 

2.100 

6.517 

.1688 

338 

2.0l£ 

6.388 

.1636 

33 8e 

2.076 

6.1*95 

.1657 

3l*5 

2.109 

6.$80 

.168$ 

31;5e 

2.112 

6.691* 

.1661 
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TABLE  12 


(Continued) 

Specimen 

Number 

Dielectric  Constant 
at  1;00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

3U7 

2.101 

6.565 

.1661; 

3U7E 

2.139 

6.69  6 

.1701 

359 

2.051; 

6.3U6 

.1661 

359E 

2.072 

6.U31 

.1667 

360 

2.036 

6.180 

.1676 

360E 

2.059 

6.380 

.1660 

361 

2.119 

6.681 

.1675 

361E 

2.153 

6.803 

.1695 

369 

2.099 

6.551; 

.1677 

369E 

2.125 

6.690 

.1682 

372 

2.033 

6.286 

♦161;3 

37 2E 

2.060 

6.373 

.1663 

375 

2.065 

6.393 

.1666 

37 5e 

2.086 

6.522 

.1665 

385 

2.138 

6.763 

.1683 

385e 

2.157 

6.963 

.1662 

391 

2.108 

6.U59 

.1715 

391E 

2.132 

6.580 

.1720 

391; 

2.0U8 

6.283 

.1668 

39ltf 

2.062 

6.381; 

.1661; 

397 

2.0U9 

6.301; 

.1661; 
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TABLE  12 


(Continued) 

Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density- 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

397E 

2.06^ 

6.I1.OO 

.1661* 

U03 

2.120 

6.61*0 

.1687 

1*03E 

2.132 

6.790 

.1667 

lt07 

2.039 

6.317 

.161*5 

li07E 

2.055 

6.369 

.1656 

Uio 

2.127 

6.700 

.1682 

laoE 

2.159 

6.799 

.1699 

ia6 

2.036 

6.273 

.1652 

1*16e 

2.050 

6.398 

.161*1 
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TABLE  13 


Dielectric  Constant,  Density 
and  Capacity  Index  at  32°F(0°C) 
Grade  JP-i*  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps 

Density 

Pounds  per  GaLlon 

Capacity  Index 
(K-l)/D 

la5 

MLF  5Ull 

2.051 

6.31*7 

.1656 

hl$E 

2.061* 

6.398 

.1663 

hl7 

MLF  5U77 

2.076 

6.517 

.1651 

bl7E 

2.090 

6.588 

•1655 

hl8 

MLF  5U78 

2.095 

6.585 

.1663 

ia8E 

2.106 

6.61*5 

.1661* 

ia9 

MLF  51*81* 

2.062 

6.1*31* 

.1651 

hl9E 

2.082 

6.h93 

.1666 

1*20 

MLF  5I*9l* 

2.050 

6.31*9 

.1651* 

k20E 

2.052 

6.399 

.161*1* 

1*21 

mlf  55ia 

2.077 

6.503 

.1656 

1*21E 

2.088 

6.569 

.1656 
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TABLE  Hi 


Dielectric  Constant,  Density 
and  Capacity  Index  at  32°F(0°C) 
Special  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1|00  Cps 

Density 

Pounds  per  Gallon 

Capacity  Index 
(K-l)/D 

296 

Turbo  Fuel 
No.  3 

2.171) 

6.619 

.1771* 

296E 

(ws-  2006) 

2.220 

6.753 

.1807 

380 

MLF  1*890 

2.052 

6.21)5 

.1685 

380E 

2.061* 

6.318 

.1681* 

381 

MLF  5209 

2.01)1 

6.300 

.1652 

381E 

2.058 

6.371 

.1661 

382 

MLF  1*891 

2.333 

6.21)2 

.2136 

382E 

2.297 

6.317 

.2053 

383 

MLF  1*889 

2.010* 

6.239 

.1673 

383E 

2.01*9 

6.295 

.1666 

WADC  TR  52-53 


61 


TABLE  l5 


Mean,  Maximum,  and  Minimum  Values  at  32°F(0°C) 
Unevaporated  Spec linens 


Number  of  Dielectric  Constant 


Grade 

Specimens 

Mean 

Max 

Min 

91/98 

55 

1.988 

2.038 

1.962 

100/130 

5i 

1.985 

2.0U8 

1.950 

Il5/U*5 

1*1* 

1.969 

2.007 

1.91*7 

JP-1 

2l* 

2.152 

2.192 

2.092 

JP-3 

35 

2.087 

2.152 

2.010 

JP-1* 

6 

2.069 

2.095 

2.050 

100/130 

i " 

1.978 

2.0$ 

1.91*7 

115/1 1*5 

-> 

/ kb 

100/130  'l 

1 51 

n5/U*5  ( 

> 1*1* 

2.007 

2.152 

1.91*7 

JP-3  J 

1 35 

Density  - Lb/Gallon  Capacity  Index 


Mean 

Max 

Min 

Mean 

Max 

Min 

6.028 

6.237 

5.896 

.1639 

.1680 

.1611* 

5.979 

6.169 

5.81*2 

.161*7 

.1699 

.1605 

5.903 

6.  oia 

5.836 

.161*2 

.1680 

.1602 

6.820 

6.991 

6.61*6 

.1690 

.1709 

.1631* 

6.1-89 

6.827 

6.176 

.1675 

.1729 

.1635 

6.1-56 

6.585 

6.31*7 

.1655 

.1663 

.1651 

5.91*1* 

6.169 

5.836 

.161*5 

.1699 

.1615 

6.091 

6.827 

5.836 

.1653 

.1729 

.1615 
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TABLE  16 


Mean,  Maximum,  and  Minimum  Values  at  32°F(0°C) 
Evaporated  Specimens 


Number  of  Dielectric  Constant  Density  - Lb/Gallon  Capacity  Index 


Grade 

Specimens 

Mean 

Max 

Min 

Mean 

Max 

Min 

Mean 

91/98 

1.998 

2.051 

1.970 

6.079 

6.297 

5.9U1 

.i6ia 

.1690 

.1608 

100/130 

5i 

1.997 

2.066 

1.960 

6.036 

6.21*9 

5.879 

.1651 

.1706 

.1613 

Il5/U;5 

hh 

1.980 

2.021; 

1.963 

5.958 

6.101; 

5.861; 

.162*5 

.1678 

.1613 

JP-1 

2k 

2.151; 

2.196 

2.110 

6.837 

7.018 

6.655 

.1688 

.1712 

.161;1 

JP-3 

35 

2.110 

2.175 

2.037 

6.607 

6.963 

6.279 

.1680 

.171*7 

.16^2 

JP-1; 

6 

2.080 

2.106 

2.052 

6.515 

6.6US 

6.398 

.1658 

.1666 

.162*1; 

100/130 

l 51 

> 

1.989 

2.066 

1.960 

6.000 

6.2  h9 

5.861; 

.16U8 

.1706 

.1613 

ll5/ll;5 

J 

) kh 

100/130^ 

1 ^ 

ll5/li;5 

y u» 

2.021 

2.175 

1.960 

6.163 

6.963 

5.861; 

.1657 

.171*7 

.1613 

JP-3  I 

35 
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Dissipation  Factor  at  ij.00  Cycles  Per  Second 
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TABLE  19 


Slope  of  Density  vs.  Temperature  Curves 
As  a Function  of  Density 


Specimen 

Number 

Grade 

Density  at  32 °F 
Pounds  per  Gallon 

Change  in  Density  per  Deg  F 
Pounds  per  Gallon  x 10^ 

157 

100/130 

5.921* 

39.85 

158 

100/130 

6.008 

39.28 

159 

JP-1 

6.898 

33.95 

159E 

6.917 

3a.l5 

160 

JP-3 

6.699 

35.  aa 

160E 

6.855 

3 a.  67 

162 

100/130 

5.919 

39.79 

163 

115/11*5 

5.928 

39.95 

161* 

100/130 

5.95U 

39.23 

161*e 

5.976 

39.95 

165 

115/11*5 

5.958 

39J* a 

165E 

6.029 

39.08 

208 

li5/H*5 

5.908 

39.18 

209 

JP-3 

6.827 

35.90 

210 

100/130 

6.076 

38.97 

219 

91/98 

6.188 

ai.79 

223 

91/98 

5.972 

1*1.38 

233 

JP-1 

6.687 

33.85 

236 

115/11*5 

5.918 

38.62 
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TABLE  21 


Dielectric  Constant  and  Density 
at  -65°F(-?k°C),  32°F(0°C)j  and  130°F(51*oC) 
Grade  91/98  Fuels 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per 

Gallon 

-65°F(-51*°C) 

32°F(0°C) 

130°F(?li°C) 

-6?°F(-?1*°C) 

32°F(0°C) 

130°F(?l*oC) 

200 

2.07? 

1.999 

1.923 

6.1*82 

6.109 

3.732 

200E 

2.083 

2.007 

1.930 

6.??? 

6.186 

3.813 

201 

2.0l*l* 

1.970 

1.89? 

6.310 

?.928 

3.51*3 

201E 

2.0?0 

1.97? 

1.900 

6.3?9 

?.980 

3.597 

20l* 

2.062 

1.987 

1.911 

6.31*9 

?.9  70 

5.587 

20l*E 

2.071* 

1.998 

1.922 

6.39? 

6.018 

5.637 

205 

2.0l*3 

1.969 

1.891* 

6.291 

?.  909 

5.523 

205E 

2.0?3 

1.978 

1.902 

6.382 

6.001* 

5.622 

21? 

2.  OI4.7 

1.972 

1.897 

6.320 

?.  939 

5.531* 

21?E 

2.060 

1.98? 

1.909 

6.386 

6.008 

3.626 

216 

2.038 

1.961* 

1.889 

6.3 1? 

?.93i* 

5.51*9 

216E 

2.0?8 

1.983 

1.907 

6.373 

3.99? 

5.613 

217 

2.0l*7 

1.972 

1.897 

6.31*1 

?.96l 

5.377 

217E 

2.062 

1.987 

1.911 

6.1*06 

6.029 

3.61*9 

*-21? 

2.083 

2.000 

1.928 

6.?9l* 

6.188 

3.779# 

# 219E 

2.089 

2.018 

1.93? 

6.61*1* 

6.239 

5.831*# 

* 223 

2.0?0 

1.968 

1.891 

6.376 

3.972 

5.569# 

# 223E 

2.062 

1.987 

1.908 

6.1*11 

6.003 

3.608 

227 

2.089 

2.013 

1.936 

6.603 

6.237 

5.867 
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TABLE  21 


(Continued) 


Dielectric 

Constant  at  U00  Cps 

Density  - 

Pounds  per 

Gallon 

Specimen 

Number 

-65°f(-51+°c) 

32°F(0°C) 

130°f(51+°c) 

-65°f(-51+°c) 

32°F(0°C) 

130°F(51+°C) 

227E 

2.109 

2.032 

1.951+ 

6.660 

6.297 

5.930 

235 

2.051+ 

1.979 

1.903 

6.370 

5.992 

5.610 

235E 

2.06I+ 

1.989 

1.913 

6.1+21 

6.01+5 

5.665 

238 

2.01+8 

1.973 

1.898 

6.331 

5.9# 

5.567 

238E 

2.051+ 

1.979 

1.903 

6.372 

5.991+ 

5.612 

239 

2.01+0 

1.966 

1.891 

6.330 

5.950 

5.566 

239E 

2.01+6 

1.971 

1.896 

6.379 

6.001 

5.619 

21i2 

2.01+2 

1.968 

1.893 

6.353 

5.971+ 

5.592 

21+2E 

2.051 

1.976 

1.901 

6.382 

6.001+ 

5.622 

21+7 

2.056 

1.981 

1.905 

6.363 

5.981+ 

5.6oi 

21+7E 

2.051+ 

1.979 

1.903 

6.1+03 

6.026 

5.61+5 

252 

2.081+ 

2.008 

1.931 

6.1+26 

6.050 

5.671 

232E 

2.091+ 

2.018 

1.91+1 

6.1+68 

6.095 

5.718 

253 

2.072 

1.997 

1.921 

6.1+81+ 

6.112 

5.736 

233E 

2.077 

2.001 

1.925 

6.51+8 

6.179 

5.806 

* 256 

2.037 

1.969 

1.896 

6.339 

5.959 

5.576* 

* 256e 

2.062 

1.981+ 

1.907 

6.393 

6.011 

5.629* 

261 

2.057 

1.982 

1.906 

6.1+26 

6.050 

5.671 

261E 

2.070 

1.995 

1.919 

6.1+61+ 

6.090 

5.713 

265 

2.01+1+ 

1.970 

1.895 

6.339 

5.959 

5.575 

265E 

2.0£2 

1.977 

1.901 

6.381 

6.003 

5.621 
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TABLE  21 


(Continued) 


Specimen 

Nunber 

Dielectric  Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-#°F(-&°C) 

32°F(0°C) 

130°F(31*°C) 

-63°F(-31*°c) 

32°F(0°C) 

130°F(31*°C) 

269 

2.071 

1.996 

1.920 

6. 1*1*0 

6.063 

3.686 

269E 

2.087 

2.011 

1.931* 

6.1*68 

6.093 

3.718 

270 

2.0U3 

1.969 

1.891* 

6.331* 

3.973 

3.392 

27  OE 

2.039 

1.981* 

1.908 

6.387 

6.010 

3.629 

* 273 

2.01*6 

1.973 

1.906 

6.309 

3.930 

3.31*9* 

* 273E 

2.033 

1.986 

1.909 

6.31*9 

3.970 

3.387* 

280 

2.033 

1.980 

1.901* 

6.380 

6.002 

3.620 

280E 

2.036 

1.981 

1.903 

6.1*09 

6.033 

3.633 

286 

2.086 

2.010 

1.933 

6.3U7 

6.178 

3.803 

286e 

2.101 

2.021* 

1.91*7 

6.618 

6.232 

3.883 

288 

2.083 

2.007 

1.930 

6.1*23 

6.01*9 

3.670 

288E 

2.086 

2.010 

1.933 

6.1*66 

6.093 

3.716 

298 

2.01*9 

1.971* 

1.899 

6.301 

3.919 

3.333 

298E 

2.068 

1.993 

1.917 

6.31*6 

3.966 

3.382 

299 

2.086 

2.010 

1.933 

6.1*63 

6.089 

3.711 

299E 

2.091* 

2.018 

1.91*1 

6.3ll* 

6.11*3 

3.768 

303 

2.01*8 

1.973 

1.898 

6.31*7 

3.96  7 

3.383 

303E 

2.01*7 

1.972 

1.897 

6.383 

6.007 

3.623 

* 307 

2.093 

2.008 

1.91*1* 

6. 1*1*1* 

6.070 

3.690* 

* 307 E 

2.077 

1.993 

1.926 

6.1*76 

6.100 

3.723* 

* 309 

2.01*7 

1.976 

1.903 

6.291 

3.922 

3.31*3* 
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TABLE  21 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  1;00  Cps 

Density  - 

Pounds  per  Gallon 

**6?°F(-?ii°C) 

32°F(0°C) 

130°F(?l;oC) 

-6?°F(-?1;0C) 

32°F(0°C) 

130°F(?1;oC) 

* 309E 

2.060 

1.98? 

1.918 

6.31+1 

3.963 

?.?81+ 

310 

2.0?9 

1.981; 

1.908 

6.U21 

6.032 

3.613 

310E 

2.0?8 

1.983 

1.907 

6.U70 

6.097 

3.120 

323 

2.0?U 

1.979 

1.903 

6.312 

?.931 

3.31+6 

323E 

2.060 

1.98? 

1.909 

6.3?? 

3.9 76 

3.393 

* 326 

2.089 

2.002 

1.9U2 

6.1+99 

6.111 

3.123* 

* 326e 

2.088 

2.001; 

1.9U2 

6.??9 

6.169 

3.781* 

328 

2.091 

2.01? 

1.938 

6.1+81; 

6.112 

3.736 

32  8e 

2.106 

2.029 

1.9?1 

6.?l+0 

6.170 

3.797 

332 

2.0l*8 

1.973 

1.898 

6.339 

3.939 

3.313 

33 2E 

2.0?3 

1.978 

1.902 

6.37? 

3.99  7 

3.613 

33? 

2.081; 

2.008 

1.931 

6.1x9  8 

6.126 

3. 130 

33?  E 

2.09? 

2.019 

1.9U2 

6.??0 

6.181 

3.808 

3b0 

2.0?? 

1.980 

1.901; 

6.320 

3.939 

3.331+ 

3bOE 

2.0?8 

1.983 

1.907 

6.368 

3.989 

3.607 

3b6 

2.0?0 

1.97? 

1.900 

6.310 

3.929 

3.31+U 

3b6E 

2*014; 

1.970 

1.89? 

6.3% 

3.9  77 

3.39b 

3b9 

2*089 

2.013 

1.936 

6.?7l+ 

6.206 

3.83b 

3h9 E 

2.129 

2.0?1 

1.973 

6.627 

6.262 

3.893 

* 3?2 

2.101; 

2.027 

1.9??  ' 

6.?3U 

6.163 

3.783* 

.*  3?2e 

2.139 

2.0?0 

1.971; 

6.?8? 

6.213 

3.832* 
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TABLE  21 


(Continued) 


Specimen 

Number 

Dielectric 

Core  tant  at  I4OO  Cps 

Density  - 

Pounds  psr  Gallon 

-650f(-51+°c) 

32°P(0°C) 

130°F(5i;oC) 

-65°f(-5U°c) 

32°F(0°C) 

130°f(51+°c) 

351+ 

2*014-8 

1.973 

1.898 

6.312 

5.931 

5.51+6 

351+ E 

2.058 

1.983 

1.907 

6.362 

5.983 

5.600 

362 

2.051 

1.976 

1.901 

6.1+22 

6.01+6 

5.666 

362e 

2.055 

1.980 

1.902+ 

6.169 

6.085 

. 5.707 

363 

2.067 

1.992 

1.916 

6.5  09 

6.138 

5.763 

363E 

2.081 

2.005 

1.928 

6.578 

6.210 

5.838 

* 3(6 

2.079 

1.968 

1.918 

6.327 

5.91+6 

5.558* 

* 365e 

2.051 

1.99k 

1.898 

6.1+26 

6.01+1+ 

5.650* 

371 

2.107 

2.030 

1.952 

6.530 

6.160 

5.786 

371E 

2.I2I4 

2.01+7 

1.969 

6.585 

6.218 

5.81+7 

373 

2.092 

2.016 

1.939 

6.1+92 

6.120 

5.71+1+ 

373E 

2.105 

2.028 

1.951 

6.553 

6.181+ 

5.811 

387 

2.056 

1.981 

1.905 

6.1+20 

6.01+1+ 

5.661+ 

387E 

2.066 

1.991 

1.915 

6.1+61+ 

6.090 

5.713 

392 

2.036 

1.962 

1.887 

6.279 

5.896 

5.509 

392E 

2.0li7 

1.972 

1.897 

6.322 

5.91a 

5.556 

396 

2.01+6 

1.971 

1.896 

6.302 

5.920 

5.531+ 

396e 

2.053 

1.978 

1.902 

6.350 

5.971 

5.588 

398 

2.115 

2.038 

1.960 

6.51+6 

6.177 

5.801+ 

398e 

2.127 

2.050 

1.972 

6.606 

6.21+0 

5.870 

* liOO 

2.085 

1.997 

1.9U1 

6.51+9 

6.153 

5.761* 
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TABLE  21 


(Continued) 


Specimen 

Number 

Dielectric  Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-63°F(-31*°C) 

32°F(0°C) 

130°F(31|°C) 

-63° f(-31*°c) 

32°F(0°C) 

130°f(31*°C) 

* 1*00E 

2,07b 

1.997 

1.923 

6.391 

6.199 

3.807 

1*06 

2.063 

1.988 

1.912 

6.14a 

6.066 

3.687 

1*o6e 

2.081 

2.003 

1.928 

6.I4.67 

6.091* 

3.717 

1*12 

2.038 

1.983 

1.907 

6.393 

6.061 

3.682 

ia2E 

2.061* 

1.989 

1.913 

6.1*69 

6.096 

3.719 

l*ll* 

2.086 

2.010 

1.933 

6.1*61 

6.087 

3.709 

blbE 

2.098 

2.022 

1.91*3 

6.317 

6.11*6 

6.033 

WADC  TR  52-53 


7k 


TABLE  22 


Dielectric  Constant  and  Density 
at  -65°F(“54°C),  32°F(0°C),  and  130°F(54°C) 
Grade  100/130  Fuels 


Specimen 

Number 

Dielectric  Constant  at  I4.OO  Cps 

Density  - 

Pounds  per  Gallon 

m^SSSSSl 

32°F(0°C) 

130°F(54°C) 

-65°f(-54°c) 

130°f(54°c) 

202 

2.027 

1.951 

1.875 

6.272 

5.889 

5.502 

202E 

2.046 

1.971 

1.896 

6.336 

5.956 

5.572 

207 

2.085 

2.007 

1.928 

6.409 

6.033 

5.653 

207E 

2.087 

2.011 

1.931* 

6.484 

6.111 

5.735 

* 210 

2.098 

2.015 

1.934 

6.450 

6.076 

5.683* 

* 210E 

2.091 

2.021 

1.91*6 

6.520 

6.132 

5.738* 

213 

2.035 

1.959 

1.882 

6.272 

5.889 

5.502 

213E 

2.  oia 

1.967 

1.892 

6.331 

5.951 

5.567 

214 

2.062 

1.985 

1.907 

6.333 

5.953 

5.569 

2lljE 

2.067 

1.992 

1.916 

6.398 

6.021 

5.640 

220 

2.097 

2.019 

1.940 

6.490 

6.118 

5.71*2 

220B 

2.102 

2.025 

1.91*8 

6.546 

6.177 

5.804 

225 

2.049 

1.972 

1.895 

6.396 

6.019 

5.638 

225E 

2.063 

1.988 

1.912 

6.445 

6.070 

5.692 

230 

2.0U7 

1.971 

1.891* 

6.252 

5.867 

5.478 

23OE 

2.046 

1.971 

1.896 

6.326 

5.945 

5.560 

* 237 

2.01a 

1.967 

1.887 

6.312 

5.944 

5.577* 

* 237 E 

2.  OI4.9 

1.977 

1.904 

6.369 

5.994 

5.623* 

* 2l;0 

2.029 

1.953 

1.886 

6.266 

5.891 

5.5i4* 
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TABLE  22 
(Continued) 


Specimen 

Dielectric 

Constant 

at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

Number 

-65°F(-51*°C) 

32°F(0°C) 

130°f(51*°c) 

-65°f(-51*°c) 

32°F(0°C) 

130°f(51*°C) 

* 2l*0E 

2.01*1* 

1.978 

1.898 

6.325 

5.91*9 

5.568* 

21*3 

2.036 

1.960 

1.883 

6.275 

5.892 

5.505 

2l*3E 

2.036 

1.962 

1.887 

6.31*1* 

5.961* 

5.580 

2l*5 

2.032 

1.956 

1.880 

6.228 

5.81*2 

5.1*52 

2l*5E 

2.03li 

1.960 

1.885 

6.263 

5.879 

5.1*91 

250 

2 .01*3 

1.967 

1.890 

6.237 

5.852 

5.1*63 

25QE 

2.085 

2.009 

1.932 

6.311* 

5.933 

5.51*8 

255 

2.038 

1.962 

1.885 

6.276 

5.893 

5.506 

255e 

2.039 

1.965 

1.890 

6.322 

5.9  la 

5.556 

258 

2.01*1* 

1.968 

1.891 

6.327 

5.91*6 

5.561 

258E 

2.055 

1.980 

1.901* 

6.378 

6.000 

5.618 

263 

2.037 

1.961 

1.881* 

6.297 

5.915 

5.529 

263E 

2.055 

1.980 

1.901* 

6.31*9 

5.969 

5.5  86 

267 

2.035 

1.959 

1.882 

6.282 

5.899 

5.512 

267E 

. 2.01*1 

1.967 

1.892 

6.317 

5.936 

5.551 

271 

2.050 

1.973 

1.896 

6.278 

5.895 

5.508 

27  IE 

2.052 

1.977 

1.902 

6.323 

5.91*2 

5.557 

212 

2.107 

2.028 

1.91*9 

6.512 

6.11*1 

5.766 

27  2E 

2.121*  ■ 

2.01*7 

1.969 

6.5 76 

6.208 

5.836 

275 

2.053 

1.976 

1.899 

6.31*0 

5.959 

5.575 

275E 

2.059 

1.981* 

1.908 

6.363 

5.981* 

5.601 
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TABLE  22 


(Continued) 


Specimen 

Number 

Dielectric  Constant  at  I|00  Cps 

Density  - 

Pounds  per  Gallon 

-65°F(-51*°c) 

32°F(0°C) 

130°F(51*°C) 

-65°f(-51*°c) 

32°F(0°C) 

130°f(51*°c) 

279 

2.0l*6 

1.970 

1.893 

6.312 

5.931 

5.51*6 

279E 

2.058 

1.983 

1.907 

6.31*5 

5.965 

5.581 

* 285 

2.058 

1.977 

1.915 

6.260 

5.881* 

5.5o6# 

# 285E 

2.050 

1.975 

1.913 

6.303 

5.931 

5.552# 

289 

2.01*9 

1.972 

1.895 

6.31*9 

5.969 

5.586 

289E 

2.01*7 

1.972 

1.897 

6.383 

6.005 

5.623 

291 

2.036 

1.960 

1.883 

6.3  01* 

5.922 

5.536 

291E 

2.051 

1.976 

1.901 

6.31*6 

5.966 

5.582 

297 

2.108 

2.029 

1.91*9 

6.508 

6.137 

5.762 

297E 

2.112 

2.035 

1.957 

6.550 

6.181 

5.808 

* 300 

2.099 

2.016 

1.950 

6.1*51 

6.075 

5.698# 

# 300E 

2.123 

2.038 

1.965 

6.521 

6.11*6 

5.768# 

30U 

2.01*2 

1.966 

1.889 

6.279 

5.896 

5.509 

301*e 

2.01*8 

1.973 

1.898 

6.31a 

5.961 

5.577 

311* 

2.01*5 

1.969 

1.892 

6.277 

5.891* 

5.507 

3HiE 

2.  oia 

1.967 

1.892 

6.329 

5.91*8 

5.561* 

319 

2.093 

2.015 

1.936 

6.1*66 

6.093 

5.716 

319E 

2.126 

2.01*9 

1.971 

6.536 

6.166 

5.792 

321 

2.056 

1.979 

1.901 

6.330 

5.950 

5.566 

321E 

2.071* 

1.998 

1.922 

6.373 

5.995 

5.613 

327 

2.068 

1.991 

1.913 

6.1*22 

6.0 1*6 

5.666 

327E 

2.081 

2.005 

1.928 

6.1*88 

6.116 

5.71*0 
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TABLE  22 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  UOO  Cps 

Density  - 

Pounds  per  Gallon 

— 63  °F  ( — 3U  °c ) 

32°F(0°C) 

130°F(31;oC) 

-63°F(-31;0c) 

32°F(0°C) 

130°f(31;oc) 

* 330 

2.108 

2.032 

1.933 

6.33U 

6.1M 

3.737* 

* 330 E 

2.107 

2. oia 

1.939 

6.382 

6.196 

3.806* 

331 

2.0I1O 

1.96U 

1.887 

6.272 

3.889 

3.302 

33  IE 

2.03U 

1.979 

1.903 

6.320 

3.939 

3.33U 

333 

2.083 

2.007 

1.928 

6.U9U 

6.122 

3.7U6 

333E 

2.102 

2.025 

1M 

6.330 

6.181 

3.808 

339 

2.062 

1.983 

1.907 

6.330 

3.930 

3.366 

339 E 

2.069 

1.99U 

1.918 

6.371; 

3.996 

3.6il; 

3U3 

2.068 

1.991 

1.913 

6.339 

3.980 

3.397 

3U3E 

2.076 

2.000 

1.921; 

6.iao 

6.033 

3.633 

350 

2.038 

1.962 

1.883 

6.2U7 

3.862 

3.U73 

3?0E 

2.0U2 

1.968 

1.893 

6.296 

3.9 1U 

3.328 

33l 

2.127 

2.0U8 

1.968 

6.339 

6.169 

3.793 

33ie 

2.H4; 

2.066 

1.987 

6.613 

6.2U9 

3.879 

336 

2.0l4i 

1.968 

1.891 

6.276 

3.893 

3.306 

336e 

2.0U3 

1.969 

1.891; 

6.328 

3.9U7 

3.362 

338 

2.0H0 

1.961; 

1.887 

6.283 

3.900 

3.313 

338E 

2.  oia 

1.967 

1.892 

6.319 

3.938 

3.333 

* 367 

2.10lt 

2.008 

1.9U2 

6.320 

6.128 

3.731;* 

* 367 E 

2.121; 

2.0 hb 

1.968 

6.618 

6.228 

3.833* 

370 

2.096 

2.018 

1.939 

6«l|li5 

6.070 

3.692 

37  OE 

2.  Ill; 

2.037 

1.939 

6.306 

6.133 

3.760 
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TABLE  22 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-63°F(-?1*°C) 

32°F(0°C) 

-6?°F(-?1*°C) 

32°F(0°C) 

130°F(31*°C) 

* 378 

2.119 

2.020 

1.9?h 

6.1*87 

6.093 

3.697* 

* 37  8e 

2.133 

2.01*9 

1.966 

6.?77 

6.181* 

9.190# 

3 86 

2.01 *1* 

1.968 

1.891 

6.303 

?.921 

9.939 

386e 

2.0?1 

1.976 

1.901 

6.3?9 

?.980 

9.991 

393 

2.039 

1.963 

1.886 

6.272 

3.889 

3.302 

393E 

2.0?6 

1.981 

1.90? 

6.3?8 

3.979 

3.396 

39? 

2.081 

2.003 

1.921* 

6.1*03 

6.026 

3.61*3 

39?E 

2.082 

2.006 

1.929 

6.1*56 

6.082 

3.701* 

399 

2.097 

2.019 

1.91*0 

6.1*21* 

6.0l*8 

3.668 

399E 

2.088 

2.012 

1.93? 

6.1*81 

6.108 

3.731 

* 1*01 

2.023 

1.9?0 

1.871* 

6.302 

3.919 

3.329* 

* 1*01E 

2.031 

1.969 

1.891 

6.3?2 

3.96? 

3.380* 

ho? 

2.101 

2.022 

1.91*3 

6.5 16 

6.11*3 

3.770 

l*o?E 

2.116 

2.039 

1.961 

6.?60 

6.191 

3.819 

1*09 

2.01*2 

1.966 

1.889 

6.338 

3.9?8 

3.371* 

1*09E 

2.0?0 

1.97? 

1.900 

6.1*10 

3.979 

3.396 

1*13 

2.09? 

2.017 

1.938 

6.1*91* 

6.122 

3.71*6 

1*13E 

2.110 

2.033 

1.9?? 

6.?1*1* 

6.17? 

3.802 
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TABLE  23 


Dielectric  Constant  and  Density 
At  -65°fr(-5U0C),  32°F(0°C),  and  130oF(gUoC) 
Grade  ll5/ll+5  Fuels 


Specimen 

Number 

Dielectric 

Constant  at  1+00  Cps 

Density  - 

Pounds  per  Gallon 

-65°F(-51+°c) 

32°F(0°C) 

130°F(51+°C) 

-65°F(-5i+°c) 

32°F(0°C) 

130°f(51+°c) 

206 

2.01+9 

1.971+ 

1.900 

6.261+ 

5.880 

5.1+92 

206e 

2.01+8 

1.975 

1.902 

6.379 

6.001 

5.619 

# 208 

2.039 

1.962 

1.890 

6.289 

5.908 

5.525* 

* 208E 

2.037 

1.972 

1.900 

6.31+2 

5.959 

5.575* 

212 

2.01+3 

1.969 

1.891+ 

6.306 

5.921+ 

5.536 

212E 

2.056 

1.983 

1.909 

6.373 

5.995 

5.613 

218 

2.01+0 

1.966 

1.891 

6.353 

5.971+ 

5.591 

218e 

2.058 

1.985 

1.911 

6.1+09 

6.033 

5.653 

226 

2.01-9 

1.91+7 

1.873 

6.226 

5.81+0 

5.1+50 

226E 

2.01+0 

1.967 

1.891+ 

6.268 

5.881+ 

5.1+96 

231 

2.01+3 

1.969 

1.891+ 

6.272 

5.889 

5.502 

231E 

2.01+1 

1.968 

1.895 

6.316 

5.935 

5.55o 

* 236 

2.063 

1.977 

1.895 

6.296 

5.918 

5.51+3* 

* 236E 

2.067 

1.987 

1.921 

6.3U1+ 

5.973 

5.596* 

21+1+ 

2.01+6 

1.971 

1.896 

6.261+ 

5.880 

5.1+92 

21+1+E 

2.01+6 

1.973 

1.900 

6.310 

5.929 

5.51+1+ 

2l+6 

2.029 

1.955 

1.880 

6.271+ 

5.891 

5.501+ 

21+6e 

2.052 

1.979 

1.905 

6.321 

5.91+0 

5.555 

2?1 

2.062 

1.987 

1.911 

6.31+8 

5.968 

5.581+ 
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TABLE  23 


(Continued) 


Specimen 

Number 

Dielectric  Constant  at  4OO  Cps 

Density  - 

Pounds  per  Gallon 

-65°F(-51*°C) 

32°F(0°C) 

130°f(51*°c) 

-65°F(-51*°c) 

32°F(0°C) 

130°f(51*°c) 

2$1E 

2.078 

2.001* 

1.930 

6.1*08 

6.032 

5.652 

257 

2.066 

1.991 

1.915 

6.281 

5.898 

5.511 

257E 

2.061 

1.988 

1.911* 

6.329 

5.91*8 

5.561* 

* 260 

2.0l*9 

1.976 

1.911* 

6.305 

5.927 

5.551* 

* 260E 

2.01*3 

1.981 

1.892 

6.366 

5.981* 

5.610* 

266 

2.029 

1.95? 

1.880 

6.239 

5.851* 

5.1*65 

266E 

2.039 

1.966 

1.893 

6.268 

5.881* 

5.1*96 

27U 

2.0l*5 

1.970 

1.895 

6.269 

5.885 

5.1*97 

27l*E 

2.092 

1.979 

1.905 

6.352 

5.973 

5.590 

278 

2.0l*3 

1.969 

1.891* 

6.305 

5.923 

5.537 

27  8E 

2.059 

1.982 

1.908 

6.31a 

5.961 

5.577 

* 281 

2.061* 

1.981* 

1.917 

6.278 

5.902 

5.523* 

* 281E 

2.066 

1.990 

1.920 

6.321 

5.91*5 

5.568* 

282 

2.026 

1.952 

1.877 

6.269 

5.855 

5.1*66 

282E 

2.038 

1.965 

1.892 

6.286 

5.903 

5. 5l6 

281* 

2.051 

1.976 

1.901 

6.300 

5.918 

5.532 

281*E 

2.01*6 

1.973 

1.900 

6.31*1* 

5.961* 

5.580 

292 

2.01*2 

1.968 

1.893 

6.307 

5.925 

5.539 

292E 

2.051* 

1.981 

1.907 

6.31*5 

5.965 

5.581 

295 

2.083 

2.007 

1.930 

6.hl7 

6.  oia 

5.661 

295E 

2.097 

2.021* 

1.91*9 

6.1*77 

6.101* 

5.727 
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TABLE  23 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per 

Gallon 

-65°f(-51*°c) 

32°F(0°C) 

130°F(5U°C) 

-65°F(-51*°c) 

32°F(0°C) 

130°F(51*°C) 

301 

2.033 

1.959 

1.881* 

6.310 

5.928 

5.51*3 

301E 

2.072 

1.998 

1.921* 

6.350 

5.971 

5.588 

305 

2.052 

1.977 

1.901 

6.282 

5.899 

5.512 

305E 

2.053 

1.980 

1.906 

6.325 

5.91*1* 

5.559 

308 

2.01*8 

1.973 

1.898 

6.295 

5.913 

5.527 

308E 

2.068 

1.991* 

1.920 

6.31*9 

5.969 

5.586 

* 313 

2.01*2 

1.965 

1.903 

6.277 

5.909 

5.531* 

* 313E 

2.055 

1.981* 

1.915 

6.31*7 

5.971 

5.592* 

320 

2.039 

1.965 

1.890 

6.276 

5.897 

5.5io 

320E 

2.0i*3 

1.970 

1.897 

6.390 

6.013 

5.632 

321* 

2.oia 

1.967 

1.892 

6.285 

5.902 

5.515 

32liE 

2.056 

1.983 

1.910 

6.353 

5.971* 

5.591 

329 

2.052 

1.977 

1.901 

6.280 

5.897 

5.510 

329E 

2.071 

1.997 

1.923 

6.325 

5.91*1* 

5.559 

* 33U 

2.0l£ 

1.961* 

1.895 

6.238 

5.862 

5.1*83* 

* 33l*E 

2.033 

1.961* 

1.899 

6.290 

5.910 

5.531** 

* 31 *1 

2.053 

1.977 

1.902 

6.317 

5.91*2 

5.559* 

* 3U1E 

2.067 

1.991 

1.918 

6.36  3 

5.986 

5.601* 

* 3h2 

2.021* 

1.966 

1.878 

6.271* 

5.899 

5.518* 

* 3U2E 

2.031 

1.969 

1.888 

6.326 

5.91*7 

5.566* 

3U8 

2.01*2 

1.968 

1.893 

6.293 

5.911 

5.525 

3l*8E 

2.01*1* 

1.971 

1.898 

6.31*2 

5.962 

5.578 

WADC  TH  52-53 


82 


TABIE  23 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-65°F(-5U°C) 

32°F(0°C) 

130°F(3!i°C) 

-63°F(-3l*°C) 

32°F(0°C) 

130°F(51*°C) 

353 

2.026 

1.332 

1.877 

6.222 

3.836 

5. 1*1*6 

353E 

2.03? 

1.963 

1.890 

6.262 

3.878 

5.1*90 

355 

2.033 

1.939 

1.881* 

6.233 

3.81*6 

5.1*59 

355e 

2.0l*l* 

1.971 

1.898 

6.280 

3.896 

5.509 

366 

2.031 

1.937 

1.882 

6.231 

3.866 

5.1*77 

366E 

2.0l*6 

1.973 

1.900 

6.302 

3.920 

5.531* 

368 

2.038 

1.961* 

1.889 

6.309 

3.927 

5.5ia 

368e 

2.039 

1.986 

1.912 

6.380 

5.997 

5.615 

37  h 

2.01*8 

1.973 

1.898 

6.271 

3.888 

5.501 

37  hE 

2.031* 

1.981 

1.907 

6.323 

3.91*1* 

5.559 

376 

2.062 

1.987 

1.911 

6.273 

3.890 

5.503 

37  6e 

2.031 

1.978 

1.901* 

6.328 

3.91*7 

5.562 

3 79 

2.038 

1.961* 

1.889 

6.232 

5.867 

5.1*78 

37  9E 

2.0l*7 

1.971* 

1.901 

6.310 

5.929 

5.51*1* 

389 

2.036 

1.962 

1.887 

6.238 

5.853 

5.1*61* 

3 89E 

2.01*2 

1.969 

1.896 

6.21*9 

5.861* 

5.1*75 

390 

2.032 

1.977 

1.901 

6.289 

5.906 

5.519 

39  OE 

2.038 

1.983 

1.911 

6.31*1* 

5.961* 

5.580 

* h02 

2.01*3 

1.967 

1.898 

6.278 

5.891* 

5.5ol** 

* 1*02E 

2.037 

1.967 

1.893 

6.327 

5.91*2 

5.553* 

holt 

2.01*6 

1.971 

I.896 

6.303 

5.923 

5.537 

it Ol*E 

2.060 

1.986 

1.912 

6.367 

5.988 

5.603 
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TABLE  23 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  U00  Cps 

Density  - 

Pounds  per  Gallon 

32°F(0°C) 

130°f(5U°c) 

-650F(-51;oc) 

32°F(0°C) 

130°F(51;oC) 

U08 

2.029 

1.955 

1.880 

6.3U2 

5.962 

5.578 

1;08e 

2.051 

1.978 

1.901; 

6.398 

6.021 

5.61*0 

U11 

2.055 

1.980 

1.901; 

6.277 

5.89U 

5.5  07 

km 

2.055 

1.982 

1.908 

6.331 

5.951 

5.567 

81; 
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TABLE  2k 


Dielectric  Constant  and  Density 
at  -65°F(-51l°C),  32°F(0°C),  and  130°F(gi|°C) 
Grade  JP-1  Fuels 


Specimen 

Dielectric 

Constant  at  1;00  Cps 

Density  - 

Pounds  per  Gallon 

Number 

-65°F(-51;0c) 

32°F(0°C) 

130°F(51;oC) 

-65°F(-51;0C) 

32°F(0°C) 

13o°f(51+°c) 

221 

2.236 

2.161 

2.085 

7.207 

6.872 

6.533 

221E 

2.233 

2.158 

2.082 

7.215 

6.879 

6.5U1 

22k 

2.217 

2.ll;2 

2.066 

7.082 

6.7U0 

6.395 

22kE 

2.223 

2.01+8 

2.072 

7.092 

6.751 

6.1;06 

229 

2.263 

2.187 

2.110 

7.299 

6.969 

6.635 

229E 

2.272 

2.196 

2.118 

7.318 

6.988 

6.655 

* 2 33 

2.199 

2.123 

2.014; 

7.013 

6.687 

6.353* 

* 233E 

2.187 

2.119 

2.01+3 

7.027 

6.699 

6.368* 

* 21+L 

2.205 

2.120 

2.036 

6.987 

6.6U8 

6.307* 

* 2U1E 

2.188 

2.119 

2.033 

6.996 

6.655 

6.311;* 

2k9 

2.212 

2.137 

2.062 

7.163 

6.826 

6.1;85 

21+9E 

2.202 

2.128 

2.053 

7.178 

6.81;0 

6.500 

259 

2.196 

2.122 

2.01+7 

6.992 

6.61+6 

6.296 

259E 

2.195 

2.121 

2.0l;6 

7.002 

6.656 

6.307 

* 26k 

2.255 

2.179 

2.107 

7.252 

6.926 

6.595* 

* 26I4E 

2.261 

2.182 

2.103 

7.273 

6.9U3 

6.616* 

268 

2.205 

2.131 

2.056 

7.015 

6.670 

6.321 

268E 

2.201; 

2.130 

2.055 

7.021 

6.676 

6.328 

276 

2.165 

2.092 

2.018 

7.027 

6.683 

6.335 
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TABLE  2l* 


(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per 

Gallon 

-65°F(-5U°C) 

32°F(0°C) 

130°F(51i°C) 

-65°f(-5U°c) 

32°F(0°C) 

130°F(31*°C) 

27  6e 

2.203 

2.129 

2.031* 

7.031* 

6.690 

6.31*2 

287 

2.225 

2.150 

2.071* 

7.133 

6.813 

6.1*73 

287E 

2.231 

2.156 

2.080 

7.138 

6.820 

6.1*79 

* 2?0 

2.253 

2.171* 

2.101 

7.271 

6.936 

6.393* 

# 290E 

2.263 

2.180 

2.109 

7.286 

6.933 

6.6l3* 

293 

2.208 

2.13k 

2.059 

7.01*9 

6.706 

6.339 

293E 

2.211 

2.136 

2.060 

7.036 

6.712 

6.363 

29k 

2.256 

2.180 

2.103 

7.280 

6.91*8 

6.613 

29I4E 

2.261 

2.185 

2.108 

7.298 

6.966 

6.632 

306 

2.201 

2.127 

2.052 

7.066 

6.722 

6.376 

306e 

2.193 

2.119 

2.OI4J4. 

7.076 

6.733 

6.387 

312 

2.220 

2.1U5 

2.069 

7.031 

6.707 

6.360 

312E 

2.212 

2.137 

2.062 

7.036 

6.712 

6.363 

316 

2.269 

2.192 

2.115 

7.320 

6.991 

6.658 

316E 

2.260 

2.181* 

2.107 

7.3U6 

7.018 

6.687 

318 

2.181 

2.107 

2.033 

7.007 

6.661 

6.312 

318E 

2.181* 

2.110 

2.036 

7.101* 

6.763 

6.1*19 

322 

2.263 

2.187 

2.110 

7.307 

6.977 

6.61*3 

322E 

2.272 

2.193 

2.118 

7.328 

6.999 

6.66  7 

* 336 

2.270 

2.183 

2.108 

7.263 

6.938 

6.603* 

* 336E 

2.27k 

2.186 

2.121 

7.288 

6.933 

6.628* 
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TABLE  2l* 


(Continued) 


Specimen 

Number 

Dielectric  Constant  at  i+OO  Cps 

Density  - 

Pounds  per  Gallon 

32°F(0°C) 

130°f(51*°c) 

-65°f(-51*°c) 

32°F(0°C) 

3hh 

2.219 

2.11*1* 

2.068 

7.207 

6.872 

6.533 

2.222 

2.11*7 

2.071 

7.221 

6.886 

6.51*8 

357 

2.21*2 

2.166 

2.090 

7.230 

6.896 

6.558 

357E 

2.21*6 

2.170 

2.093 

7.251 

6.918 

6.582 

* 36k 

2.26? 

2.182 

2.108 

7.21*1 

6.915 

6.587* 

* 36I1E 

2.265 

2.185 

2.112 

7.251* 

6.926 

6.601* 

377 

2.265 

2.189 

2.112 

7.253 

6.920 

6.581* 

377E 

2.255 

2.179 

2.102 

7.277 

6.91*5 

6.610 
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TABLE  2$ 

Dielectric  Constant  and  Density 
at  -65°F(-51*°C),  32°F(0°C),  and  130°F(51*°C) 
Grade  JP-3  Fuel3 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per 

Gallon 

-65°F(-51*°c) 

32°F(0°C) 

130°f(51*°c) 

-65°f(-51*°c) 

32°F(0°C) 

130°F(51*°C) 

203 

2.101* 

2.029 

1.951* 

6.608 

6.2U2 

5.872 

203E 

2.127 

2.053 

1.978 

6.667 

6.303 

5.936 

* 209 

2.235 

2.11*3 

2.069 

7.178 

6.827 

6.1*77* 

* 209E 

2.227 

2.160 

2.089 

7.301 

6.956 

6.609* 

211 

2.081* 

2.010 

1.935 

6.51*5 

6.176 

5.803 

211 E 

2.110 

2.037 

1.963 

6.653 

6.279 

5.911 

222 

2.196 

2.118 

2.039 

6.914* 

6.595 

6.21*3 

222E 

2.237 

2.159 

2.081 

7.085 

6.71*3 

6.398 

228 

2.211; 

2.135 

2.056 

6.977 

6.630 

6.279 

228E 

2.2U5 

2.167 

2.088 

7.078 

6.736 

6.391 

232 

2.151 

2.071; 

1.997 

6.788 

6.1*31 

6.070 

232E 

2.171 

2.096 

2.020 

6.896 

6.51*5 

6.190 

23U 

2.117 

2.0l*2 

1.966 

6.697 

6.335 

5.970 

23UE 

2.135 

2.061 

1.986 

6.775 

6.1*18 

6.057 

* 21*8 

2.218 

2.127 

2.052 

7.011 

6.666 

6.319* 

* 2l*8E 

2.21*7 

2.159 

2.089 

7.150 

6.810 

6.1*66* 

251* 

2.127 

2.051 

1.975 

6.728 

6.368 

6.ool* 

251*E 

2.11*5 

2.071 

1.996 

6.806 

6.1*5o 

6.090 

262 

2.225 

2.ll*6 

2.066 

6.976 

6.629 

6.278 
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TABLE  25 


(Continued) 


Specimen 

Number 

Dielectric  Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-63°F(-31;0C) 

32°F(0°C) 

130°f(51*°c) 

-63°f(-3U°c) 

32°F(0°C) 

130°F(51*°C) 

262E 

2.25:3 

2.175 

2.096 

7.066 

6.721* 

6.378 

* 277 

2.132 

2.058 

1.989 

6.697 

6.327 

5.961* 

* 277E 

2.1U3 

2.069 

1.99k 

6.775 

6.1*05 

6.036* 

* 283 

2.169 

2.098 

2.030 

6.892 

6.531 

6.172* 

* 283E 

2.180 

2.109 

2.01*6 

6.993 

6.630 

6.275* 

302 

2.172 

2.095 

2.017 

6.833 

6.1*78 

6.120 

302E 

2.180 

2.101* 

2.028 

6,9bl 

6.592 

6.239 

311 

2.213 

2.136 

2.057 

6.9  83 

6.636 

6.286 

311E 

2.239 

2.161 

2.083 

7.111* 

6.771* 

6.1*30 

313 

2.220 

2.  Ha 

2.061 

7.079 

6.737 

6.392 

313e 

2.233 

2.158 

2.080 

7.217 

6.882 

6.5U* 

317 

2.181 

2.103 

2.025 

6.966 

6.618 

6.267 

317E 

2.218 

2.11*1 

2.063 

7.118 

6.778 

6.1*35 

323 

2.231 

2.152 

2.072 

7.111 

6.771 

6.1*27 

323E 

2.2^3 

2.175 

2.096 

7.260 

6.928 

6.592 

337 

2.1U9 

2.073 

1.996 

6.773 

6.105 

6.051* 

337 E 

2.173 

2.100 

2.021* 

6.870 

6.517 

6.161 

338 

2.120 

2.01*5 

1.969 

6.71*7 

6.388 

6.025 

33 8e 

2.151 

2.076 

2.001 

6.81*9 

6.1*95 

6.138 

3U3 

2.187 

2.109 

2.030 

6.930 

6.580 

6.227 

3U3e 

2.188 

2.112 

2.035 

7.038 

6.69I* 

6.31*6 
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TABLE  2$ 
(Continued) 


Specimen 

Number 

Dielectric 

Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-65°f(-&0c) 

32°F(0°C) 

130°f(51*°c) 

o° 

Dn 

1 

' — 

O 

aa 

0^ 

0 

O 

CM 

cn 

130°F(51i°C) 

3U7 

2.179 

2.101 

2.023 

6.915 

6.565 

6.211 

3l*7E 

2.216 

2.139 

2.061 

7.01*0 

6.696 

6.31+9 

* 359 

2.133 

2.05U 

1.991* 

6.718 

6.31+6 

5.971* 

* 3?9E 

2.15U 

2.072 

1.999 

6.803 

6.1*31 

6.059* 

360 

2.111 

2.036 

1.960 

6.51+9 

6.180 

5.807 

36OE 

2.133 

2.059 

1.981* 

6.739 

6.380 

6.017 

361 

2.197 

2.119 

2.01*0 

7.026 

6.681 

6.333 

361E 

2.230 

2.153 

2.075 

7.11*2 

6.803 

6.1*61 

369 

2.176 

2.099 

2.021 

6.905 

6.551* 

6.200 

369E 

2.201 

2.125 

2.01*8 

7.031* 

6.690 

6.31*2 

372 

2.108 

2.033 

1.957 

6.650 

6.286 

5.918 

37 2E 

2.13k 

2.060 

1.985 

6.733 

6.373 

6.010 

3 75 

2.  na 

2.065 

1.988 

6.752 

6.393 

6.031 

375e 

2.161 

2.086 

2.010 

6.871* 

6.522 

6.166 

38^ 

2.216 

2.138 

2.058 

7.101* 

6.763 

6.ia9 

385e 

2.231+ 

2.157 

2.079 

7.291* 

6.963 

6.629 

391 

2.186 

2.108 

2.030 

6.811* 

6.1*59 

6.100 

391E 

2.209 

2.132 

2.055 

6.930 

6.580 

6.227 

39l* 

2.121* 

2.01*8 

1.972 

6.61*7 

6.283 

5.915 

39liE 

2.136 

2.062 

1.987 

6.71*3 

6.3  81* 

6.021 

397 

2.125 

2.01*9 

1.972 

6.667 

6.301* 

5.937 

397E 

2.139 

2.065 

1.990 

6.758 

6.1*00 

6.038 
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TABLE  25 


(Continued) 


Specimen 

Number 

Dielectric  Constant  at  1*00  Cps 

Density  - 

Pounds  per  Gallon 

-650F(-ft°c) 

32°F(0°C) 

130°f(5U°c) 

-65°f(-51*°c) 

32°F(0°C) 

130°F(51*°C) 

* 1*03 

2.210 

2.120 

2.01*2 

6.982 

6#6I*0 

6.278* 

* 1*03E 

2.212 

2.132 

2.053 

7.129 

6.790 

6.391** 

1*07 

2.11I* 

2.039 

1.963 

6.679 

6.317 

5.951 

1*07E 

2.129 

2.055 

1.980 

6.75$ 

6.369 

6.005 

1*10 

2.205 

2.127 

2.0i*8 

7.01*1* 

6.700 

6.35  3 

iaoE 

2.232 

2.155 

2.077 

7.138 

6.799 

6.1*57 

I1I6 

2.111 

2.036 

1.960 

6.638 

6.273 

5.905 

1*16e 

2.121* 

2.050 

1.976 

6.757 

6.398 

6.036 
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TABLE  27 


Capacity  Index  at 


-6?°F(-?1;0C), 

32°F(0°C),  and  130°F(?l;oC) 

Grade  91/98  Fuel 

Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-6?°F(-51;0C) 

32°F(0°C) 

130°F(?li°C) 

200 

•16?  8 

.163? 

.1610 

200E 

•l6?2 

.1628 

.1600 

201 

.16?? 

.1636 

.161? 

201E 

,l6?l 

.1630 

.1608 

201; 

.1673 

•16?3 

.1631 

20l& 

.1679 

.16?  8 

.1636 

205 

•16?8 

,l6k0 

.1619 

20?E 

•16?0 

.1629 

.1601; 

21? 

•16?7 

.1637 

.161? 

21?E 

.1660 

.1639 

.1616 

216 

.1614; 

.162? 

.1602 

216e 

.1660 

•161;0 

.1616 

217 

•l6?l 

.1631 

.1608 

217  E 

•l6?8 

.1637 

.1613 

219 

• l61;2 

.1616 

.1606 

219E 

.1639 

.1632 

.1603 

223 

,l61;7 

.1621 

.1600 

223E 

•l6?7 

.1614; 

.1619 

227 

•16U9 

.1621; 

.1595 
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TABLE  27 


(Continued) 


>pecimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°f(-5U°c) 

32°F(0°C) 

130°F(51*°C) 

227E 

.1665 

.1639 

.1609 

235 

.1655 

.1631* 

.1610 

235E 

.1657 

.1636 

.1612 

238 

.1655 

.1635 

.1613 

238E 

.165U 

.1631* 

.1609 

239 

.161*3 

.1621* 

.1601 

239E 

.161*0 

.1618 

.1595 

2I4.2 

.161*0 

.1620 

.1597 

2l*2E 

.161*7 

.1626 

.1603 

2l*7 

.1660 

.1639 

.1616 

2l*7E 

.161*6 

.1625 

.1600 

25>2 

.1687 

.1666 

.161*2 

252E 

.1691 

.1670 

,161*6 

253 

.1653 

.1631 

.1606 

253E 

.161*5 

.1620 

.1593 

2 56 

.1636 

.1626 

.1607 

2$6E 

.1661 

.1637 

.1611 

261 

.161*5 

.1623 

.1598 

26lE 

• 1655 

•1631* 

.1609 

26^ 

.161*7 

.1628 

.1605 

265E 

.161*9 

.1669 

.1603 

26? 

.1663 

.161*2 

.1618 
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TABLE  27 


(Continued) 


TUPT") 

Capacity  index  - (K  - 1)/D 

Number 

-65°F(-5ii°C) 

32oF(0°C) 

130°F(51+°C) 

269E 

.1681 

.1659 

.1633 

270 

.161+1 

.1622 

.1599 

27  QE 

•1658 

.1637 

.1613 

273 

.1658 

•161+1+ 

.1633 

273E 

.1662 

.1652 

.1627 

280 

.165U 

.1633 

.1609 

280E 

.161+8 

.1626 

.1601 

286 

.1659 

.1635 

.1607 

286E 

.1661; 

.1638 

.1610 

288 

.1686 

. 1665 

•161+0 

288e 

.1680 

.1658 

.1632 

298 

.1665 

.161+6 

.1621+ 

298e 

.1683 

.1661+ 

.161+3 

299 

.1680 

.1659 

•1631+ 

299E 

.1679 

.1657 

.1631 

303 

.1651 

.1631 

.1608 

303E 

.161+0 

.1619 

.3595 

307 

.1699 

.1661 

.1659 

307 E 

.1663 

.1628 

.1617 

309 

.1661+ 

.161+8 

.1629 

309E 

.1672 

.1652 

.161+1+ 
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TABLE  27 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-5U°C) 

32oF(0°C) 

130°F(5U°C) 

310 

.16U8 

.1626 

.1601 

310E 

.1639 

.1612 

.1586 

323 

.1670 

.1651 

.1628 

323E 

.1668 

.1683 

.1625 

326 

.1676 

.16U0 

•I6I16 

326e 

.16# 

.1627 

.1629 

328 

.1683 

.1661 

.1635 

32 8e 

.1691 

•1668 

.16U1 

332 

.16# 

.1633 

.1611 

332E 

.1652 

.1631 

.1606 

335 

.1668 

•16U5 

.1619 

335e 

.1672 

•16U9 

.1622 

3U0 

.1669 

.1650 

.1628 

3U0E 

.1661 

.16U1 

.1617 

3U6 

.I66I1 

.16UU 

.1623 

3U6e 

.16U3 

.1623 

.1600 

3h9 

.1657 

•l614i 

.16  oli 

3h9E 

.170U 

.1629 

.1651 

35  2 

.1690 

.1666 

.1651 

352E 

.1730 

.1690 

.1670 

39k 

.1660 

.i6ia 

.1619 

39kE 

.1663 

•16U3 

.1620 
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TABLE  27 


(Continued) 


Specimen 

Number 

Capacity  Index  - (k  - 1)/D 

-6S°F(-5l4°c) 

32oF(0°C) 

130°F(51+°C) 

362 

.1637 

.1611+ 

.1590 

362e 

.1633 

.1611 

.1580 

363 

.1639 

.1616 

.1589 

363 E 

.1613 

.1618 

.1590 

365 

.1705 

.1628 

.1652 

365e 

.1636 

.161+3 

.1589 

371 

.1695 

.1672 

.161+5 

37  IE 

.1707 

.1681+ 

.1657 

373 

.1682 

.1660 

.1635 

373E 

.1686 

.1662 

.1637 

387 

.1615 

.1623 

.1598 

387 E 

.161+9 

.1627 

.1602 

392 

.1650 

.1632 

.1610 

392E 

.1656 

.1636 

.1611+ 

396 

.1680 

.161+0 

.1616 

396e 

.1658 

.1638 

.1611+ 

398 

.1703 

.1680 

.1651+ 

39 8e 

.1706 

.1683 

.1656 

i+00 

.1657 

.1620 

.1633 

1+00E 

.1629 

.1608 

.1589 

1+0 6 

.1650 

.1629 

.1601+ 
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TABLE  27 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-6?0F(-&°C) 

32°F(0°C) 

130°F(51i°c) 

1*06e 

.1672 

.16U9 

.1623 

102 

.1655 

.1622 

.1596 

102E 

•16U5 

.1622 

.3596 

ink 

.1581 

ol6?9 

•163U 

iO^E 

.160? 

.1663 

•l?6l 
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TABLE  28 


Capacity  Index  at 


-65°F(-51+°C), 

32°F(0°C),  and  130°F(51+°C) 

Grade  100/130  Fuel 

Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°f(-51+°c) 

32oF(0°C) 

130°F(51+°C) 

202 

.1637 

•l6l5 

.1590 

202E 

.1651 

.1630 

.1608 

207 

.1693 

.1669 

.161+2 

207E 

.1676 

.1651+ 

.1629 

210 

.1702 

.1671 

.161+3 

210E 

.1673 

.1665 

.161+9 

213 

.1650 

.1628 

.1603 

213E 

.161+1+ 

.1625 

.1602 

2ll+ 

.1677 

.1655 

.1629 

211+E 

.1668 

.161+8 

.1621+ 

220 

.1690 

.1666 

.1637 

220E 

.1683 

.1660 

.1633 

225 

.161+0 

.1615 

.1587 

225E 

•161+9 

.1628 

.1602 

230 

.1675 

.1655 

.1632 

230E 

.1653 

.1631+ 

.1612 

237 

. 161+9 

.1627 

.1590 

237E 

.161+7 

.1630 

.1608 

21+0 

.161+2 

.1618 

.1607 
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TABLE  28 


(Continued) 


Specimen 


Capacity  Index  - (K  - 1)/D 


Number 

-65°F(-51*°C) 

32°F(0°C) 

130°F(51*°C) 

2l*0E 

.1651 

♦161*1* 

.1613 

21*3 

.1651 

.1629 

.1601* 

2l*3E 

.1633 

.1613 

.1590 

21*5 

.1657 

.1636 

.1611* 

2U5E 

.1651 

.1633 

.1612 

250 

.1672 

.1652 

.1629 

250E 

.1718 

.1701 

.1680 

2# 

.1651* 

.1632 

.1607 

255e 

•161*3 

.1621* 

.1602 

258 

.1650 

.1628 

.1602 

258E 

.1651; 

.1633 

.1609 

263 

.161*7 

.1625 

.1599 

263E 

.1662 

.161*2 

.1618 

267 

.161*8 

.1626 

.1600 

267E 

.161*8 

.1629 

.1607 

271 

.1673 

.1651 

.1627 

271E 

.1661* 

.1672 

.1623 

272 

.1700 

.1671* 

.161*5 

272E 

.1709 

.1686 

.1660 

27? 

.1661 

.1638 

.1613 

27  ?E 

• 1661* 

.161*1* 

.1621 

279 

.1657 

.1635 

.1610 
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TABLE  28 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°f(-51*°c) 

32°F(0°C) 

130°f(51*°C) 

27  9E 

.1667 

.161*8 

.1625 

285 

.1690 

.1660 

.1662 

285E 

.1666 

.161*1* 

.161*1* 

289 

.1652 

.1628 

.1602 

289E 

.161*0 

.1619 

.1595 

291 

.I61i3 

.1621 

.1595 

291E 

.1656 

.1636 

• 1611* 

297 

.1703 

.1677 

.161*7 

297E 

.1698 

.1671* 

.161*8 

300 

.17  0^ 

.1672 

.1661 

30QE 

.1722 

.1689 

.1673 

30U 

.1659 

.1638 

.1611* 

30l*E 

.1653 

.1632 

.1610 

31b 

.1665 

.161*1* 

.1620 

3 UjE 

. 16U5 

.1626 

.1603 

319 

.1690 

.1666 

.1638 

319E 

.1723 

.1701 

.1676 

321 

.1668 

.161*5 

.1619 

321E 

.1685 

.1665 

.161*3 

327 

.1663 

.1639 

.1611 

327E 

.1666 

.161*3 

.1617 

33  0 

.1696 

.1680 

.1655 

WALC  tr  52-53  101 


TABLE  28 
(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-6£0f(-51*°c) 

32°F(0°C) 

130°F(51*°C) 

330E 

.1682 

.1680 

.1652 

331 

.16?8 

.1637 

.1612 

331E 

.1668 

.161*8 

.1626 

333 

.1671 

.16# 

.1615 

333E 

.1682 

.1658 

.1632 

339 

.1678 

.16# 

.1630 

339E 

.1677 

.1658 

.1635 

31*3 

.1680 

.1657 

.1631 

3l*3E 

.1679 

.1658 

.163* 

35>0 

.1662 

.161*1 

.1617 

35oe 

.16# 

.1637 

.1615 

35>1 

.1721* 

.1699 

.1670 

3#E 

.1729 

.1706 

.1679 

3# 

.1663 

.161*3 

.1618 

3#E 

.161*8 

.1629 

.1607 

3# 

.16# 

.1631* 

.1609 

3#E 

.161*7 

.1628 

.1606 

36 7 

.1693 

.161*5 

.161*3 

367 E 

.1698 

.1676 

.1659 

370 

.1701 

.1677 

.1650 

37  OE 

.1712 

.1690 

.1665 

378 

.172^ 

.1671* 

.1675 
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TABLE  28 


(Continued) 


Specimen  Capacity  Index  - (K  1)/D 


Number  -65°F(-5u  C ) 


378e 

•1723 

386 

.1656 

386e 

.1653 

393 

.1657 

393 E 

.1661 

39$ 

.1688 

39$  E 

.1676 

399 

.1708 

399 E 

.1561 

U01 

.1623 

U01E 

. 1623 

ko$ 

.1690 

bo$E 

.1701 

bO  9 

.161*1* 

ii09E 

.1638 

U3 

.1686 

U3E 

. 1696 

32°F(0°C)  130°F(£1|°C) 


.1 696 

.1668 

.1635 

.1610 

.1632 

.1610 

.1635 

.1610 

.i6ia 

.1617 

.1 66b 

.1637 

.1 65U 

.1629 

.1685 

.1658 

.1657 

.1631 

.1605 

.1581 

.1621* 

.1597 

.1663 

.163b 

.1678 

.1651 

.1621 

.1595 

.1631 

.1608 

.1661 

.1632 

.1673 

.161*6 
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TABLE  29 


Capacity  Index  at 

-65°F(-51*0C).  32°F(0°C)j  and  130°F(51*°C) 
Grade  ll5/ll*5  Fuel 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-51*°C) 

32°F(0°C) 

130°F(51*°C) 

206 

.1675 

.1656 

.1639 

206e 

.161*3 

.1625 

.1605 

208 

.1652 

.1628 

.1611 

208E 

.1635 

.1631 

.1611* 

212 

.165U 

.1636 

.1615 

212E 

.1657 

.161*0 

.1619 

218 

.1637 

.1617 

.1591* 

218E 

.1651 

.1633 

.1612 

226 

.1685 

.1622 

.1602 

226e 

.1659 

.161*1* 

.1627 

231 

.1663 

.161*6 

.1625 

231E 

.161*8 

.1631 

.1613 

236 

.1688 

.1651 

.1615 

236e 

.1682 

.1653 

.161*6 

2l*i* 

.1670 

.1651 

.1631 

2l*l*E 

.1658 

.16U1 

.1623 

2U6 

.161*0 

.1621 

.1599 

21*6e 

•1661* 

.161*8 

.1629 

25l 

.1673 

.1651* 

.1631 

101* 
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TABIE  2 9 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65*F(-5U°C) 

32°F(0°C) 

130°f(51;oC) 

2£LE 

.1682 

.1661; 

.161+5 

257 

.1697 

.1680 

.1660 

257E 

.1676 

.1661 

.161+3 

260 

.1661; 

•161;7 

.16U7 

260E 

.1638 

.1639 

.1590 

266 

•16U9 

.1631 

.1610 

*266e 

.1658 

.16U2 

.1625 

27  U 

.1667 

•16U8 

.1628 

27I1E 

.1656 

.1639 

.1619 

278 

.1651; 

.1636 

.1615 

27  8E 

.1661; 

.161+7 

.1628 

281 

.1695 

.1667 

.1660 

281E 

.1686 

.1665 

.1652 

282 

.1637 

.1626 

.1601; 

282E 

.1651 

.1635 

.1617 

281; 

.1668 

•161;9 

.1629 

28UE 

. 16U9 

.1631 

.1613 

292 

.1652 

.1631; 

.1612 

292E 

.1661 

•161;5 

.1625 

295 

.1688 

.1667 

.16U3 

295E 

.1691; 

.1678 

.1657 
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TABLE  29 
(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-6?°f(-?1*°c) 

32°F(0oC) 

130°F(?1*°C) 

301 

.1631 

.1616 

•1?9? 

301E 

•1688 

.1671 

.16?!* 

305 

.167? 

.1656 

.163? 

30?e 

.166? 

•161*9 

.1630 

308 

.166? 

.161*6 

.162? 

308e 

.1682 

.166? 

.161*7 

313 

.1660 

.1633 

.1633 

313E 

.1662 

.161*8 

.1636 

320 

.1 656 

.1636 

.161? 

320E 

.1632 

.1613 

•1?93 

32i* 

,16?6 

.1638 

.1617 

32l*E 

.1662 

.161*? 

.1628 

329 

.167? 

•l6?7 

.163? 

329E 

.1693 

.1677 

.1660 

33k 

.167? 

.161*1* 

.1632 

33k E 

.161*2 

.1631 

.162? 

31a 

.1667 

.161*1* 

.1623 

3la  E 

.1677 

. 16?6 

.1639 

3l*2 

.1632 

.1638 

•1?91 

3k  2E 

.1630 

.1629 

• 1?9? 

31+8 

.16?6 

.1638 

.1616 

31*8e 

•161*6 

.1629 

.1610 
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TABLE  2 9 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-51*°C) 

32oF(0°C) 

130°F(5i*°C) 

353 

.161*9 

.1631 

.1610 

353  E 

.1653 

.1638 

.1621 

355 

.1657 

.161*0 

.1619 

355 E 

• 1662 

.161*7 

.1630 

366 

.161*9 

.1631 

.1610 

366  E 

•I660 

•161*1* 

.1626 

368 

.161*5 

.1626 

.1601* 

368e 

.1650 

.161*1* 

.1621* 

371* 

.1671 

.1653 

.1632 

37l*E 

•1666 

.1650 

.1632 

376 

.1693 

.1676 

.1655 

37 6e 

.1661 

.161*5 

.1625 

379 

.1660 

.161*3 

.1623 

379E 

.1659 

.161*3 

.1625 

389 

.1661 

.161*1* 

.1623 

389E 

.1667 

.1652 

.1637 

390 

.1673 

.1651* 

.1633 

390E 

.1668 

.1652 

.1633 

1*02 

-.1661 

.161*1 

.1632 

U02E 

.1639 

.1627 

.1612 

l*ol* 

.1657 

.1639 

.1618 
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TABLE  29 
(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(^li°C) 

32°F(0°C) 

130°F(5!*°C) 

l*Ol*E 

,1662 

.161*7 

.1627 

1*08 

.1623 

.1602 

.1578 

Uo8e 

•161*3 

.1621* 

.1603 

lai 

.1658 

.1663 

.161*2 

laiE 

.1666 

.1650 

.1631 
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TABLE  30 


Capacity  Index  at 

-65°F (-&°C),  32oF(0°C)1  and  130°F(5U°C) 
Grade  JP-1  Fuel 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°f(-5U°c) 

32oF(0°C) 

130°F(51;oC) 

221 

.1715 

.1690 

.1661 

221E 

.1709 

.1681; 

.1651; 

221; 

.1718 

.1695 

•1667 

22liE 

•1721; 

.1701 

.1673 

229 

.1730 

.1702; 

.1673 

229E 

.1738 

.1712 

.1680 

233 

.1710 

.i68o 

•161;3 

233E 

.1689 

.1671 

.1638 

2i a 

.172^ 

.1685 

. 161*3 

21oe 

.1698 

.1681 

.1636 

2U9 

.1692 

.1666 

.1638 

21+9E 

.1675 

.161+9 

.1620 

259 

.1711 

.1688 

.1663 

259E 

.1707 

.1681; 

.1658 

261+ 

.1731 

.1702 

.1679 

261;E 

.1731; 

.1702 

.1667 

268 

.1718 

.1696 

.1671 

268e 

.1715 

.1691 

.1667 

276 

.1658 

.1631; 

.1607 
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TABLE  30 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-5U°C) 

32°F(0°C) 

130°F(51*°C) 

27 6e 

.1710 

.1688 

.1662 

287 

.1717 

.1687 

.1659 

287E 

.1720 

.1695 

. 1667 

290 

.1723 

.1693 

.1668 

290E 

.1733 

.1697 

.1676 

293 

.171U 

.1691 

.1665 

293E 

.1716 

.1692 

.1665 

29U 

.172^ 

.1698 

.1668 

29iiE 

.1728 

.1701 

.1671 

306 

.1700 

.1677 

.1650 

306e 

.1686 

.1662 

.1635 

312 

.1730 

.1707 

.1681 

312E 

.1718 

•I69U 

.1668 

316 

•173U 

.1705 

.1675 

316e 

.1715 

.1687 

.1655 

318 

.1685 

.1662 

.1637 

318e 

.1667 

•161a 

.161I* 

322 

.1728 

.1701 

.1671 

322E 

.1736 

.1707 

.1677 

336 

.1718 

.1705 

.1678 

336E 

.17U8 

.1705 

.1691 

3UU 

.1691 

.1681 

.1635 

WADC  TR  52-53 


110 


TABUS  30 


(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-5i;0c) 

32oF(0°C) 

130°F(51;oC) 

3U1|E 

.1692 

. 1666 

.1636 

35 7 

.1718 

.1691 

•1662 

357E 

.1718 

.1691 

.1661 

361; 

.1753 

.1709 

.1682 

36UE 

.1714; 

.1711 

.168? 

377 

.1710; 

.1708 

.1689 

377 E 

.1725 

.1698 

.1667 
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TABLE  31 


Capacity  Index  at 

-65°F(-51*°C)j  32°F(0°C),  and  130°F(5U°C) 
Grade  JP-3  Fuel 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-51*°C) 

32°F(0°C) 

130°F(51i°C) 

203 

.1671 

•16U9 

.1625 

203E 

.1690 

.1671 

.16U8 

209 

.1721 

.1671i 

.1650 

209E 

.1681 

.1668 

•l6U8 

211 

.1656 

.1635 

.1611 

211E 

.1668 

.1652 

.1629 

222 

.1722 

.1695 

•166I| 

222E 

.171*6 

.1719 

.1690 

228 

.171*0 

.1712 

.1682 

22 8e 

.1759 

.1733 

.1702 

232 

.1696 

.1670 

•161*3 

232E 

.1698 

.1675 

.161*8 

23U 

•1668 

.161*5 

.1618 

23l*E 

.1675 

.1653 

.1628 

2i*8 

.1737 

.1691 

.1665 

2I*8e 

•171*1* 

.1702 

.1681* 

251* 

.1675 

.1650 

.1621* 

2&E 

.1682 

.1660 

.1635 

262 

.1756 

.1729 

.1698 
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TABLE  31 
(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-65°F(-51*°C) 

32°F(0°C) 

130°f(51*°C) 

262E 

.1773 

.171*7 

.1718 

277 

.1689 

.1672 

.1655 

277E 

.1690 

.1669 

.161*7 

283 

.1696 

.1681 

.1669 

283E 

.1687 

.1673 

.1667 

302 

.1715 

.1690 

.1662 

302E 

.1700 

.1675 

.161*8 

311 

.171*0 

.1712 

.1681 

311E 

.171*2 

.1731* 

•1681* 

315 

.1723 

.1692* 

.1650 

315e 

.1711 

.1683 

.1650 

317 

.1695 

.1667 

.1636 

317E 

.1711 

.1683 

.1652 

325 

.1731 

.1701 

•1668 

325E 

.1726 

.1696 

.1663 

337 

.1696 

.1673 

.161*5 

337E 

.1710 

.1688 

.1662 

33  8 

.1669 

.1636 

.1608 

338e 

.1681 

.1657 

.1631 

3l*5 

.1713 

.1685 

•1651* 

3l*5E 

.1688 

.1661 

.1631 

3U7 

.1705 

•166U 

•161*7 
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TABLE  31 
(Continued) 


Specimen 

Number 

Capacity  Index  - (K  - 1)/D 

-63°F(-3U°C) 

32°F(0°C) 

130°F(3!*°C) 

3U7E 

.1727 

.1701 

.1671 

35>9 

.1687 

.1661 

.1663 

339E 

.1696 

.1667 

.161*9 

360 

.1696 

.1676 

.1633 

360E 

.1681 

.1660 

.1633 

361 

.1701* 

.1673 

.161*2 

36LE 

.1722 

.1693 

.1661* 

369 

.1703 

.1677 

.161*7 

36 9E 

.1707 

.1682 

.1632 

372 

.1666 

.161*3 

.161*3 

372E 

.1681* 

.1663 

.1639 

373 

.1690 

• 1666 

.1638 

3 73e 

.1689 

.1663 

.1638 

383 

.1712 

.1683 

.161*8 

383e 

.1692 

.1662 

.1628 

391 

.171*1 

.1713 

.1689 

391E 

.171*3 

.1720 

.1691* 

39l* 

.1691 

.1668 

.161*3 

39l*E 

.1683 

.1661* 

.1639 

397 

.1687 

.1661* 

.1637 

397E 

.1683 

•1661* 

.161*0 

1*03 

.1733 

.1687 

.1660 

111* 
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TABLE  31 


(Continued) 


Specimen 

Number 

Capacity  index  - (K  - 1)/D 

-65°f(-5U°c) 

32°F(0°C) 

130°F(51*°C) 

1|03E 

.1700 

.1667 

.161*7 

407 

,1668 

.161*5 

.1618 

1*07  E 

.1659 

.1656 

.1632 

lao 

.1710 

.1682 

.1650 

laoE 

.1726 

.1699 

.1668 

1*16 

.1671* 

.1652 

.1626 

i*i6e 

.1663 

.161*1 

.1617 

115 
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TABLE  32 


Capacity  Index  at 

-65°?(-5h°C)a  32°F(0°C),  and  130°F(51*°C) 
Grade  JP-1*  Fuel 


Specimen 

Number 

Capacity  Index  - 

(K-l)/D 

-65°F(-5U°c) 

32°F(0°C) 

130°f(5U°c) 

io5 

MLF-S101 

.1687 

.1656 

.i6ia 

laSE 

.1691* 

.1663 

.161*0 

k 17 

MLF-5U77 

.1691 

.l65l 

.1652 

ia7E 

.1680 

.1655 

.1629 

las 

MLP-5U78 

.1681 

•I663 

.161a 

ia8E 

.1690 

.1661* 

.1639 

la? 

MLF-51*8I* 

•1691* 

.1651 

.161*6 

ia?E 

.1629 

.1666 

.1672 

1*20 

MLF-51*9l* 

.1696 

.1651; 

.161*2 

1*2  OE 

.169U 

•161*1* 

.1621* 

1*21 

MLF-551a 

.1698 

• 1656 

.161*6 

1*2  IE 

.1702 

.1656 

.161*5 
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EFFECT  OF  MOISTURE  CONTENT 
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EFFECT  OF  MOISTURE  CONTENT 
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TABLE  36 


CHEMICAL  PROPERTIES 
Grade  91/98  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  U00  Cps-32°F(0°C) 

Initial  Boiling 
Point  - °F 

Aniline  Gravity 
Constant 

Tetraethyl 

Lead-cc/gal 

Sulfur 

% 

200 

1.999 

8127 

3.79 

.01 

201 

1.970 

108 

2.82 

205 

1.969 

118 

10636 

3.7U 

.012 

2l5 

1.972 

113 

10251 

2.92 

216 

1.961; 

112 

10660 

3.86 

.on 

219 

2.000 

7810 

1U9 

•ou 

223 

1.968 

13U 

9638 

2.22 

.02 

227 

2.013 

7330 

U.26 

.02 

238 

1.973 

109 

10393 

2.9U 

239 

1.966 

116 

10636 

3.73 

.on 

210 

1.968 

132 

9716 

2.15 

.02 

252 

2.008 

126 

8681; 

3.59 

.03 

253 

1.997 

10li 

820U 

3.81 

.02 

256 

1.969 

118 

10589 

3.70 

.018 

261 

1.982 

116 

IwOO 

.03 

2 65 

1.970 

115 

10U30 

3.87 

H 

O 

• 

270 

1.969 

no 

10081 

2.8U 

102 

1.983 

122 

9071 

3.58 

.01 

lOit 

2.010 

ns 

8382. 

3.75 

.009 
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TABLE  36 
(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps-32°F(0°C) 

Initial  Boiling 
Point  - °F 

Aniline  Gravity 
Constant 

Tetraethyl 
Lead-c c/gal 

Sulfur 

% 

280 

1.980 

128 

9501 

2.85 

.03 

286 

2.010 

7863 

LS 3 

.01* 

288 

2.007 

121* 

8550 

3.86 

.03 

298 

1.97U 

108 

10787 

3.02 

.Oil* 

299 

2.010 

123 

8337 

3.73 

.019 

307 

2.008 

121* 

81*57 

3.95 

.02 

310 

1.981* 

116 

U.00 

.03 

326 

2.002 

106 

771*1* 

3.96 

.01 

3 28 

2.015 

126 

7977 

3.80 

.008 

332 

1.973 

115 

981*9 

2.98 

33$ 

2.008 

101* 

8333 

3.79 

.02 

3 1*6 

1.975 

101* 

1101*5 

2.98 

.01*1* 

3h9 

2.013 

7731 

U.25 

.03 

35  2 

2.027 

121* 

7566 

3.88 

.016 

362 

1.976 

120 

8818 

2.96 

.02 

363 

1.992 

8096 

3.75 

.01 

365 

1.968 

108 

10721 

3.01 

.013 

371 

2.030 

122 

7650 

3.68 

.017 

373 

2.016 

126 

7893 

3.80 

r-i 

0 

• 

387 

1.981 

121* 

9112 

2.80 

.02 

392 

1.962 

11118 

3.91 

.01*3 

396 

1.971 

110 

10771 

2.97 

.022 

398 

2.038 

115 

8291 

3.89 

.015 

l*oo 

1.997 

8071 

3.81* 

.01 

U06 

1.988 

116 

9112 

3.95 

.013 
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TABLE  37 


CHEMICAL  PROPERTIES 
Grade  100/130  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps-32°F(0°C) 

Initial  Boiling 
Point  - °F 

Aniline  Gravity 
Constant 

Tetraethyl 
Lead-c c/gal 

Sulfur 

% 

202 

1.951 

109 

n8li* 

2.99 

207 

2*007 

116 

9636 

3.58 

.017 

213 

1.959 

106 

n928 

2.92 

211* 

1.985 

113 

m67 

3.87 

.009 

220 

2.019 

7860 

1*.60 

.03 

22^ 

1.972 

10200 

3.82 

.01 

230 

1.971 

102 

n5ol* 

2.98 

.013 

237 

1.967 

no 

11263 

li.02 

.015 

2l*0 

1.953 

108 

n81*8 

2.89 

2li3 

1.960 

n828 

U.53 

.029 

2$0 

1.967 

100 

U.60 

.03 

2# 

1.962 

107 

n?65 

2.79 

258 

1.968 

121* 

111*27 

3.76 

.012 

263 

1.961 

106 

10881* 

U.55 

.01 

267 

1.959 

10852 

lull? 

.0179 

271 

1.973 

106 

n765 

2.98 

272 

2.028 

n9 

8061* 

3.90 

.009 

285 

1.977 

100 

l*.6o 

.02 

289 

1.972 

in 

10622 

U.52 

.02 

297 

2.029 

126 

8828 

1*.33 

.020 
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TABLE  37 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  400  Cps-32°F(0°C) 

Initial  Boiling 
Point  - °F 

Aniline  Gravity 
Constant 

Tetraethyl 
Lead-c c/gal 

Sulfur 

% 

300 

2.016 

104 

8699 

2.98 

.023 

30U 

1.966 

106 

9838 

2.98 

3l4 

1.969 

1176$ 

4.2$ 

.029 

319 

2.01$ 

102 

8974 

2.96 

.02 

327 

1.991 

9030 

4.58 

.01 

330 

2.032 

116 

7909 

4.32 

.006 

331 

1.964 

104 

11699 

2.90 

333 

2.007 

4. 60 

.04 

339 

1.98$ 

108 

10430 

2.84 

.018 

3$0 

1.962 

111 

11 $66 

3.81 

.01 

3$1 

2.01^8 

114 

7697 

4.39 

.011 

3$6 

1.968 

11700 

4.6o 

.03 

367 

2.008 

7$l4 

4.58 

.04 

370 

2.018 

106 

8791 

4.54 

.02 

378 

2.020 

109 

8462 

2.93 

.02 

386 

1.968 

114  26 

4.6o 

.02 

393 

1.963 

11942 

4.51 

.049 

395 

2.003 

399 

2.019 

116 

754$ 

4.17 

.012 

401 

1.9$0 

111; 

10980 

3.89 

.02 

40$ 

2.022 

116 

7891 

4.31 

.014 

U09 

1.966 

108 

10978 

4.52 

.01 

103 

2.017 

122 

8467 

4.24 

.016 
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TABLE  38 


CHEMICAL  PROPERTIES 
Grade  ll5/ll*5  Fuels 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps-32°F(0°C) 

Initial  Boiling 
Point  - °F 

Aniline  Gravity 
Constant 

Tetraethyl 

Lead-cc/gal 

Sulfur 

206 

1.971* 

10* 

111*# 

3.21* 

.031* 

212 

1.969 

109 

11268 

1*.1*5 

218 

1.966 

11116 

U.l*l* 

.01 

226 

1.91*7 

106 

12078 

U.60 

.02 

231 

1.969 

101* 

11701* 

l*.5o 

.018 

236 

1.977 

103 

11253 

1*.56 

.031* 

2UU 

1.971 

11780 

1*.60 

.029 

251 

1.987 

10805 

U.59 

.03 

257 

1.991 

102 

11311* 

1*.56 

.03 

260 

1.976 

102 

1161*6 

1*.1*7 

.01 

266 

1.9# 

11778 

1*.56 

.0171* 

281 

1.981* 

101 

111*71 

1*.58 

.026 

282 

1.9# 

11991 

1*.60 

.029 

281* 

1.976 

103 

11506 

1*.# 

.01 

295 

2.007 

105 

9662 

l*.5i 

.022 

3 01 

1.9# 

11360 

1*.58 

.01 

309 

1.977 

102 

111*72 

i*.56 

.028 

308 

1.973 

11211* 

1*.51* 

.029 

313 

1.965 

102 

11830 

1*.39 

.02 

121* 
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TABLE  38 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps-32°F(0°C) 

Initial  Boiling 
Point  - °F 

Aniline  Gravity 
Constant 

Tetraethyl 

Lead-cc/gal 

Sulfur 

% 

321* 

1.967 

1151*0 

1*.60 

.02 

329 

1.977 

102 

11319 

1*.51* 

.027 

331* 

1,96k 

100 

1*.5  0 

.01 

3kX 

1.977 

109 

10768 

lt.37 

.017 

3k  8 

1.968 

106 

11695 

1*.58 

.01 

355 

1.959 

100 

121ijl* 

1*.1*9 

.01 

366 

1.957 

100 

11957 

1*.59 

.02 

368 

1.96k 

102 

11270 

1*.37 

.023 

37  k 

1.973 

101* 

11291* 

1*.52 

.027 

3 76 

1.987 

103 

11500 

1*.59 

.030 

379 

1.961* 

12012 

1*.1*8 

.020 

389 

1.962 

100 

12071* 

It.  55 

.01 

390 

1.977 

102 

11228 

1*.56 

.030 

402 

1.967 

111* 

11827 

1*.55 

.01 

i*0l* 

1.971 

106 

11315 

1*.52 

.03 

1*08 

1.955 

10861 

1*.58 

.02 

2*11 

1.980 

101* 

111*51 

l*.6o 

.027 
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TABLE  39 


CHEMICAL  PROPERTIES 
Grade  JP-1  Fuel 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps-32°F(0°C) 

Aromatics 
Per  Cent 

Initial  Boiling 
Point  - °F 

Sulfur 

% 

221 

2.161 

H*.  1* 

31*5 

.12 

22l| 

2. ll;2 

19.8 

# 

.017 

22? 

2.187 

18.0 

.06 

233 

2.123 

8.1 

320 

.017 

21a 

2.120 

18.1* 

.01*2 

2i*9 

2.137 

2.5 

.05 

259 

2.122 

18.1* 

.01*2 

26h 

2.179 

16.6 

.09 

268 

2.131 

12.0 

.126 

276 

2.092 

18.8 

.01*5 

287 

2.150 

16.7 

.10 

290 

2.17U 

16.7 

.10 

293 

2.13U 

18.8 

.03 

29h 

2.180 

17.0 

31*0 

•061* 

306 

2.127 

16.0 

310 

.01 

312 

2.11*5 

19.8 

.021* 

318 

2.107 

12,0 

316 

.12 

322 

2.187 

18.0 

.05 
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TABLE  39 


(Continued) 


Specimen 

Number 

Dielectric  Constant 
at  1|00  Cps-32°F(0°C) 

Aromatics 
Per  Cent 

Initial  Boiling 
Point  - °F 

Sulfur 

% 

336 

2.183 

16.7 

.10 

3hh 

2.1UU 

8.0 

.12 

357 

2.166 

7.8 

.12 

36h 

2.182 

Hi.O 

355 

.17 

377 

2.18? 

20.0 

320 

.0U2 
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TABES  1*0 

CHEMICAL  PROPERTIES 
Grade  JP-3  Fuel 


Specimen 

Number 

Dielectric  Constant 
at  1*00  Cps-32°F(0°C) 

Aromatics 
Per  Cent 

Initial  Boiling 
Point  - °F 

Sulfur 

% 

222 

2.118 

15.7 

108 

.10 

228 

2.135 

10.0 

232 

2.071* 

1*.2 

.017 

21*8 

2.127 

17.97 

.07 

262 

2.11*6 

11.3 

.32 

283 

2.098 

5.U 

.19 

302 

2.095 

21.0 

102 

.013 

311 

2.136 

11.2 

109 

.15 

317 

2.103 

15.0 

96 

.ol*5 

325 

2.152 

15.0 

.09 

337 

2.073 

l*.o 

.16 

338 

2.01*5 

6.82 

95 

•Ol* 

3l*5 

2.109 

11*.  26 

.037 

361 

2.119 

12.17 

.19 

369 

2.099 

12.0 

.ol* 

37$ 

2.065 

10.0 

103 

.023 

391 

2.108 

7.2 

.1*6 

397 

2.01*9 

8.0 

100 

.05 

1*03 

2.120 

9.5 

113 

.31 

1*07 

2.039 

8.0 

111* 

.01*8 

1*10 

2.127 

10.71* 

.015 
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SECTION  IV 
DISCUSSION 

A.  Dielectric  Constant,  Density,  and  Capacity  Index  versus  Temperature 

The  effect  of  temperature  variation  upon  dielectric  constant  was 
almost  identical  for  all  grades  of  fuel  measured.  Considering  both 
unevaporated  and  evaporated  specimens,  the  maximum  variation  in  the  mean 
slope  of  the  dielectric  constant  versus  temperature  curves  was  only  .OuOOU 
per  degree  F for  all  grades  of  fuel.  In  four  of  the  five  grades  for  which 
the  mean  slope  was  calculated,  the  mean  slopes  of  the  evaporated  specimens 
were  slightly  less  than  the  mean  slopes  of  the  unevaporated  samples. 

Particular  curves  of  dielectric  constant  versus  temperature  shovr 
apparent  variations  of  slope  between  successive  temperatures , but  no 
significance  is  attached  because  these  variations  correspond  in  magnitude 
to  the  limit  of  sensitivity  of  the  measuring  circuit. 

The  density  of  all  fuel  specimens  was  practically  a linear  function 
of  temperature  in  the  region  of  -65°F  (-5U°C)  to  130°F  (5U°C). 

In  general  an  increase  in  temperature  causes  a decrease  in 
capacity  index  although  many  exceptions  were  noted.  In  the  I4U  specimens  of 
grade  91/98,  10o/l30,  ll5/lU5>  JP-1,  and  JP-3  fuels  tested,  the  average 
decrease  in  capacity  index  was  .OOUU  as  temperature  was  varied  from  -65 °F  (-5U°C 
to  130°F  (5U°C).  Some  of  the  irregularities  in  the  variation  of  capacity  index 
may  be  due  to  the  fact  that  a small  error  in  dielectric  constant  causes  a 
relatively  large  error  in  capacity  index. 

B.  Dielectric  Constant,  Density,  and  Capacity  at  32 °F  (0°C)s  All  Specimens 

In  Figures  29  to  33,  inclusive,  specimens  were  arbitrarily  arranged 
in  order  of  decreasing  dielectric  constant.  The  plots  of  density  and 
capacity  index  do  not  decrease  progressively  with  decreases  in  dielectric 
constant,  but  a definite  decreasing  trend  is  evident. 
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Correlations  between  dielectric  constant  and  density,  as  shown  in 
Figures  3k  to  38  inclusive,  are  considered  to  be  satisfactory,  the  highest 
per  unit  correlation  being  ,962  for  grade  JP-3  fuel. 

Correlations  between  capacity  index  and  dielectric  constant  are 
also  oonsidered  to  be  good  although  they  are  not  as  high  as  the  correlations 
between  dielectric  constant  and  density. 

Figure  UU  shows  that  the  slopes  of  all  lines  of  regression  of 
dielectric  constant  and  density  are  fairly  similar  while  Figure  U5  shows 
a relatively  large  variation  in  the  slopes  of  the  lines  of  regression  of 
capacity  index  and 'dielectric  constant. 

The  mean  values  of  capacity  index  for  the  three  grades  of 
reciprocating  engine  fuels  tested  agree  very  closely,  the  variation  being 
only  «U8  per  cent. 

The  largest  variation  of  capacity  index  at  32°F  (0°C)  among  the 
specimens  of  any  one  grade  was  5.6$  (grades  100/130  and  JP-3).  The 
smallest  variation  was  3.9$  in  grade  91/98. 

The  effect  of  evaporation  of  10$  by  volume  on  the  mean  value  of 
capacity  index  was  a maximum  increase  of  .30  per  cent  in  all  grades  with 
the  exception  of  JP-1,  which  showed  a .12  per  cent  decrease.  The  effects 
of  evaporation  on  the  mean  values  of  dielectric  constant  and  density  were 
found  to  be  increases  of  .09  to  1.10  per  cent  in  dielectric  constant  and 
.25  to  1.82  per  cent  in  density. 

C.  Dissipation  Factor 

The  specimens  having  the  largest  dissipation  factors  at  U00  cps. 
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as  shonn.  in  Table  18,  were  all  experimental  fuels.  However,  none  of  these 
values  is  considered  high  enough  to  be  detrimental  to  the  operation  of  a 
capacitance  type  fuel  quantity  gage. 

D.  Slope  of  Density  versus  Temperature  Curves  as  a Function  of  Density 
The  use  of  the  density  equations  derived  from  the  line  of 
regression  shown  in  Figure  U6  for  specimens  whose  plots  are  close  to  line 
of  regression  gives  extremely  accurate  results.  For  the  specimens  farthest 
from  the  line  of  regression,  use  of  the  equations  causes  errors  of  not  more 
than  .7%  at  the  extremes  of  temperature. 

■E.  Dielectric  Constant,  Density,  and  Capacity  Index  at  -65 °F  (-5U°C). 

7?T(6'cQ,  ancnjg’rCfli'g? 

The  envelopes  shown  in  Figures  kl  to  56  were  determined  by 
drawing  straight  lines  through  the  extreme  points  at  each  temperature. 

The  edges  of  these  envelopes  are  in  most  cases  parallel  to  the  ] ino  of 
regression  determined  at  32  *F  (0*C). 

The  extreme  points  at  each  temperature  usually  correspond  to  the 
same  specimen. 

F.  Effect  of  Moisture  Content 

The  effect  on  dielectric  constant  of  saturating  thirteen  fuel 
specimens  with  distilled  water,  synthetic  hard  water,  and  synthetic  sea 
water  was  very  small  as  shown  in  Tables  33, 34,  and  35»  The  largest  change, 
.1*3$,  occurred  in  specimen  378  when  saturated  with  distilled  water.  In 
nine  of  the  39  samples  the  change  in  dielectric  constant  was  negative. 

The  effect  of  moisture  content  on  dissipation  factor  at  1*00  cps 
and  77 *F  (25#C)  was  found  to  be  negligible. 
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The  minor  effeetB  of  water  saturation  are  not  surprising  in  view 
of  the  very  small  quantities  of  water  which  combined  with  the  fuels. 

G.  Chemical  Properties  versus  Dielectric  Constant 

Figures  59  to  61  show  that  as  the  dielectric  constant  increases 
the  aniline  gravity  constant  of  the  reciprocating  engine  grades  of  fuel 
decreases. 

Lead,  sulfur,  and  aromatic  content  and  initial  boiling  point 
show  no  correlation  with  dielectric  constant. 

H.  Evaluation  of  New  Cell 

Since  the  revised  cell  has  practically  no  change  in  empty 
capacitance  due  to  temperature  changes,  it  is  extremely  well  suited  for 
work  in  which  temperature  variations  are  required. 

The  cell  is  equally  well  suited  for  successive  testing  of 
samples  without  measuring  the  empty  capacitance  for  each  sample.  In 
this  case  the  cell  is  flushed  with  an  excess  portion  of  the  sample  to  be 
tested.  The  relatively  large  capacitance  of  the  cell  gives  rise  to  more 
accurate  measurements. 

I.  Effect  of  Storage  and  Handling 

Figure  4l  show*  that  the  change  in  the  electrical  characteristics 
of  the  fuels  taken  from  a B-36  aircraft  before  and  after  flight  and  from 
the  loading  truck  from  which  the  fuel  was  originally  obtained,  is  small. 

It  is  considered  that  the  change  in  characteristics  due  to  storage  and 
handling  is  insignificant.  The  dissipation  factors  of  all  three  specimens 
were  below  0.0007  at  77«F  (25®C)  and  400  cps. 
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